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example, in connection with petroleum production. Specifically provided are fluid loss

additives comprising relatively low molecular weight polyvinyl alcohol resins with a sulfonic

15  acid co-resin.

1

Background of the Invention
]

Petroleum well cementing involves mixing a slurry of cement, water, and other additives
and pumping it down through steel casing to critical points in the oil well annulus around the

20  casing or in the open hole below the casing string. The primary functions of the cementing
process are to restrict fluid movement between geological formations and to bond and support
the casing. In addition, the cement aids in protecting the casing from corrosion, preventing
blowouts by quickly sealing formations, protecting the casing from shock loads in drilling
deeper wells, and sealing off lost circulation or thief zones.

25 A common problem in petroleum well cementing is the flow of liquid from the cement
slurry into porous earth formations in contact with the cement. This fluid loss is undesirable
since it can result in dehydration of the cement slurry, and it causes thick filter cakes of cement
solids which can plug the well bore; moreover the fluid lost can damage sensitive formations.
Cement fluid loss is particularly a problem in the process known as squeeze cementing.

30 There is a requirement, therefore, for materials which, when added to the cement
formulation, reduce the loss of fluid from the slurry to porous formations.

The use of polyvinyl alcohol as a fluid loss control additive in cements used in oil field
applications is known. Polyvinyl alcohol has been used unmodified, crosslinked with various

additives and grafted with other moieties as exemplified in the following references.
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have several drawbacks. For one, they are provided at low concentrations—Iless than 10%.
Moreover, cellulosics tend to retard the set time of the cement and increase viscosity of the
slurry. Another drawback of cellulosics is that they tend to thin as they move down hole,
causing solids to settle. Cellulosic additives are also thought more expensive than necessary for

20  wells operating at less than about 65°C or so. Cellulosic polymers are commonly prepared in
dispersions in mineral oil or heavy brine. This serves to “close” the polymer and allow for
higher concentrations than would otherwise be possible. This method is practical, but not
preferred, as the salt or mineral oil may adversely affect the cement properties if not sufficiently
diluted or washed away.

25 United States Patent No. 5,728,210 entitled “Composition and Method to Control
Cement Slurry Loss and Viscosity” of Moran et al. and United States Patent No. 5,850,880
entitled “Composition and Method to Control Cement Shurry Loss and Viscosity” of Moran et
al., utilize polyvinyl alcohol as a liquid fluid loss additive for use in cementing well bores,
particularly oil and gas well bores. The liquid fluid loss additive is formed from dissolving

30  partially hydrolyzed polyvinyl alcohol in water. The polyvinyl alcohol has a molecular weight
of about 200,000. The solutions contain polyvinyl alcohol in an amount between 20 and 200
parts to 1000 parts of water. The polyvinyl alcohol is used in conjunction with a dispersing

sulfonated polymer and surfactant. This combination is then adjusted to individual well
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5,061,387 entitled "Aqueous Gel" Systemof Partially Methylated Ml anmi ne-
15  plug leaks in well casings or to temporarily plug wells, in fracture treatments, to consolidate

unconsolidated formations, and to correct the injection profile of a well by sealing high-
permeability streaks so that flooding fluids will enter the formation in a more desirable front.
United States Patent No. 5,009,269 entitled “Well Cement Fluid Loss Additive and
Method” of Moran et al., relates to cementing of a casing string in a well bore, and more
20  particularly to a fluid loss additive for addition to a cement slurry to be used in the cementing
job. A fluid loss additive is provided which is effective at temperatures of up to about 95°C, has
limited effect on slurry viscosity, and does not significantly retard cement setting. The additive
is comprised of a partially hydrolyzed vinyl acetate polymer, calcium sulfate, a cross-linker for
the polymer, and optionally a defoamer. Because of difficulties in manufacturing a PVOH with
25  amolecular weight above about 200,000, the use of PVOH was considered limited to formation
temperatures of about 50°C. This disclosure teaches that the useful temperature can be increased
to about 95°C by including cross-linking materials in the additive. In the presence of boric acid
(or other cross-linker) and calcium sulfate (or other sulfates), the PVOH behaves as if it has a
higher molecular weight. At temperatures much above 95°C, the cross-linked PVOH is not
30  thermally stable.
United States Patent No. 4,703,801 entitled “Method of Reducing Fluid Loss in Cement
Compositions which may Contain Substantial Salt Concentrations” of Fry et al., discloses a

method of reducing fluid loss in cement compositions which may contain substantial salt
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“Method for Influencing Moisture Content and Migration in Building Materials,” of
Beckenhauer teaches an aqueous PVOH solution for typical use as a coating on building
materials in order to prevent the migration of moisture through a porous building. The solutions
may contain from about 0.01% to about 30% by weight of PVOH which may have a molecular
20 weight ranging from about 5,000 to about 500,000.
United States Patent No. 6,739,806 entitled “Cement Compositions with Improved Fluid
Loss Characteristics and Methods of Cementing Subterranean Formations,” to Szymanski et al.
discloses methods for preventing fluid loss in cement slurries by connecting two polymers via a
pH sensitive crosslinking agent, such as a polyvalent cation. In preferred embodiments the
25  additive contains a first PVOH polymer with a molecular weight of at least 80,000 and a second
PVOH polymer with a molecular weight of about 8,000. The polymers are dissolved in water
with a cross-linker and the pH is adjusted until the solution achieves a desired molecular weight.
Likewise, United States Patent No. 5,594,050 to Audebert et al. discloses a fluid loss control
agent which employs chemically cross-linked PVYOH.
30 United States Patent No. 5,105,885 entitled “Well Cementing Method Using a
Dispersant and Fluid Loss Intensifier,” of Bray et al. discloses a fluid loss additive package

containing an ethoxylate, a dispersant material and, optionally, a water soluble polymeric
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15  seawater cement slurry.
In one aspect of the present invention, the fluid loss additives are supplied in

concentrated aqueous form which enables adjustment of hydraulic cement slurry characteristics

in real time in order to optimize slurry characteristics, particularly fluid loss. The additives in

the concentrates of the invention are important as they are especially valuable in offshore

20  applications where space is limited and changes need to be made quickly.

Summary of the Invention

The inventive blended resin fluid loss additives exhibit remarkable fluid loss reduction in

cement compositions, especially at elevated temperatures. Indeed, the performance of the

25  blends is especially surprising in view of the fluid loss performance of individual resin
components. Figure 1 illustrates the respective fluid loss properties of an invention blend and
unblended resins (API fluid loss at elevated temperatures). It will be appreciated from Figure 1
that the PVOH sulfonic acid resin blends exhibit fluid loss reductions in cement of almost an
order of magnitude with respect to NNDMA/AMPS copolymer and about 5-fold with respect to

30 PVOH alone. In Figure 1, the NNDMA/AMPS values are taken from Examples 20 and 22,
,below. The PVOH values are taken from Examples 7 and 13-15. The values for PVOH +

AMPS co-resin is taken from examples 45 and 46. Each of the examples has a similar total resin
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The polyvinyl alcohol resin may also have a characteristic viscosity in the range of from
15  about 2 cps to 15 cps, and preferably from about 3 cps to about 10 cps, or even from about 5 cps
to about 7 cps. The polyvinyl alcohol may be hydrolyzed in an amount from about 80 to 95
percent based on the polyvinyl acetate monomer, and is typically hydrolyzed in amounts ranging
from about 84 percent to about 90 percent or, even more preferably, from about 87 percent to
about 89 percent. The PVOH resin is generally derived from polyvinyl acetate homopolymers,
20  although comonomers may be present in minor amounts. The PVOH resin is usually, though
not necessarily, provided to the aqueous concentrate in particulate form which has a size such
that at least about 99% of the resin passes through an 80 mesh sieve.
The aqueous concentrate of the present invention has a suitable weight ratio of polyvinyl
alcohol resin to sulfonic acid-functionalized co-resin in the range of from about 1:1 to about
25  20:1; preferred weight ratios of PVOH to co-resin are from about 2.5:1 to about 10:1, from
about 3:1 to about 10:1, from about 4:1 to about 8:1, and from about 5:1 to 7:1. Typically, the
polyvinyl alcohol and the co-resin are substantially fully dissolved in the aqueous concentrate.
Advantageously, the concentrate in the present invention has a high resin content at a
relatively low viscosity.” Generally, the concentrate has a total resin content of about 15 to 30
30  weight percent, and more typically from about 15 to about 25 weight percent. The concentrate
may have a viscosity in the following ranges: from about 100 to about 12,000 cps, from about
500 to about 10,000 cps, or from about 1,000 to about 8,000 cps at 20 °C. In some embodiments

the aqueous concentrate may contain a biocide.
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range ohwhE 8 fluid loss ameliorating co-resin selected from sulfonic acid-functionalized resins.
15  There may also optionally be present from about 0.01 % bwoc to about 0.4 % bwoc of a retarder
or from about 0.05% bwoc to about 0.4% bwoc of an extender. The slurry should exhibit an
API fluid loss of less than about 50 m1/30 min at 170°F and 1,000 psi. The co-resin may also
suitably be present in amounts ranging from 0.05 % bwoc to about 0.5 % bv\yoc, and is
preferably present in amounts of from about 0.10 % bwoc to about 0.35 % bwoc. Desirably, the
20  PVOH is present in amounts of from about 0.75 % bwoc to about 2.0 % bwoc.

In preferred embodiments the cement slurry also contains from about 0.25 to 3.0 % bwoc
of a dispersant. The dispersant may be any one of the following compounds: calcium
lignosulfonates, beta naphthalene sulfonates, sulfonated melamine formaldehyde condensates,
polyaspartates, or sodium naphthalene sulfonate formaldehyde condensate resins or mixtures

25  thereof, where sodium sulfonate formaldehyde condensate resins are preferred. If a dispersant is
present, the slurry typically has a dispersant to PVOH weight ratio of from about 0.5:1 to 3.5:1,
or from about 0.5:1 to about 1.5:1. ‘

The slurry of the present invention exhibits a reduced fluid loss over a wide range of
temperatures. Preferably the slurry exhibits an API fluid loss of less than about 30 ml/min at

30 170 °F and 1,000 psi. At 110°F the slurry typically exhibits an API fluid less than about 25
ml/30 min, or even less than about 15 ml/30 min. |
The slurry generally has a plastic viscosity of less than about 250 cps at 110°F, and more

typically, the plastic %/iscosity is in the range of about 50 cps to about 200 cps at 110°F. The



about 2 cps to 15 cps, and preferably from about 3 cps to about 10 cps, or
even fromabout 5 cps to about 7 cps. The pol yvinyl alcohol may be
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17CoF anjop%rtPeg. Blﬁétlct\ﬁscosny of less than about 200 cps at 110°F, a yield point ranging from

"about 0 to 16 1bs to 100 square feet at 110°F, and a free water value of less than about 4.0 % at
170°F. In the inventive method, tﬁe cement may exhibit a thickening time of less than about 6
hours, preferably in the range of about 3 to about 5 hours, when measured according to a

20 standard schedule, described below, which has a final temperature of 120°F and a final pressure
of 6,000 psi. Additionally, the cement typically reaches a compressive strength of 50 psi in less
than 10 hours, and 500 psi in less than 11 hours when measured at 197°F and 9,500 psi. The
cement generally has a zero gel time in the range of 3 to 7 hours and a transition time of less
than 1.5 hours when measured at 197°F and 9,500 psi. Preferably the transition time is less than

25 1 hour when measured at 145°F and 6,000 pst.

In yet another aspect of the present invention there is provided an improvement on a
method of making cement sturry with reduced fluid loss, where the improvement comprises
prepariﬁg the slurry, combining therewith a PVOH having a characteristic viscosity in the range
of from about 1 cps to about 25 cps, and also combining therewith a co-resin selected from

30  sulfonic acid-functionalized resins, which are added in amounts less than the PVOH resin. The
slurry should exhibit an API fluid loss of less than about 50 ml/30 min at 170°F and 1,000 psi.
The fluid loss resins are typically combined with the cement slurry by addition to the cement

mix water. Additional materials may also be combined with the slurry, such as cellulose

’



a standard seawater cenent slurry when present therein in amounts of |ess
than 1.5% bwoc. The weight ratio of PVOH resin to sulfonic
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to 20:1, fromabout 3:1 to about 10:19 from about 4:1 to about 10:1, from
about 4:1 to about 8:1, or fromabout 5:1 to about 7:1. There is also
provided for in the present invention a hydraulic cenent slurry conprising
wat er, cenent, from about 0.25 % bwoc to about 5.0 % bwoc of PVOH resin
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15  that the cement can be placed and (3) little or no cement set retardation. Additionally, the
aqueous concentrate of the present invention provides the following additional benefits: (1) it
can be stored in an off-shore platform and mixed with cement powder‘on demand, (2) it
eliminates the need for blending equipment on the rig, and (3) it reduces costs as compared to
cellulose polymer aqueous concentrates. The various combined components provide synergy
20  for one another as is s‘een in reducing the inventory required for effectively controlling
operations.
Still further features and advantages of the invention are apparent from the following

description.

25  Brief Description of the Drawings

The invention is described in detail below with reference to the following drawings:
Figure 1 is a comparison of the fluid loss properties at elevated temperatures of an
invention blend composition and unblended resins;
Figure 2 is a plot of viscosity of various aqueous solutions of PVOH resins at different
30 concentrations;
Figure 3 is a plot of the consistency of the slurry in Example 53 versus time;
Figure 4 illustrates the compressive strength of the cement in Example 53 over time;

Figure 5 is a plot of the consistency of the slurry in Example 54 versus time; and



m /30 mn, or even less than about 15 m /30 mn. The slurry generally has a
pl astic viscosity of |ess than about 250 cps at H QOF, and nore typically,
t he pl astwo 20eczeessty IS in the range of about 50 cps tecahsrdsadecps at H
QOF. Theslurry has a yield point in a acceptable range of fromabout O to
about 16 | bs per 100 square feet at H OOF, and preferably in the range of
fromabout 0 to about 12 | bs per 100 square feet at 11Q0F. Typical free

wat er values for the cenment slurry are |ess than about 10 % at 17Q0F, and
more parti cuFigury 6 illetmtdshiancamedsive stteagth ©F CRRemEheinkaxampld H oves tishaur ry
may be supplied fromde-ioinized water or freshwater. The water in the
slurry may al so be seawater, as is useful in offshore cenenting

appl i cabk@nsd DALdridA I iRl Mvedtiog wat er may be brine. There is also
contenplated cement which is formed fromthe dried slurry of the present
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hours, and psi in less than 11 hours when neasured at 1970F and 9, 500"
psi 15 The “Aqueous concentrate” refers to a liquid polymeric dispersion, solution, suspension or

slurry, preferably where the resin composition is at least partially dissolved, and even more
preferably, where the resin composition is substantially fully dissolved.
“Biocide” and the like terminology means and includes ény substance that kills or
inhibits the growth of microorganisms such as bacteria, molds, slimes, fungi, etc. Biocidal
20  chemicals include chlorinated hydrocarbons, organomettalics, halogen-releasing compounds,
metallic salts, organic sulfur compounds, quaternary anllmonium compounds, and phenolics. A
K preferred biocide is KATHON LX biocide (Rohm and Haas Corporation), the active ingredient
of which is 5-chloro-methyl-4-isothiazolin-3-one. The biocide is present to prevent the aqueous
concentrate from degrading due to bacterial action. Preferably, highly water soluble biocides are
25  used.
“Characteristic viscosity” of a PVOH resin is measured in a 4% w/w aqueous solution at
20°C.
“Compressive strength” is tested according to API 10, Section 7 and Appendix D. The
éompressive strength is measured with an ultrasonic cement analyzer from Chandler
30  Engineering Company LLC, (Tulsa OK).
“Fluid loss” or like terminology refers to any measure of water released or lost from a

slurry over time.



cenent generally has a zero gel tine in the range of 3 to 7 hours and a
transition tinme of less than 1.5 hours when neasured at 1970F and 9, 500
psi. Prefwoabéep2sdre transition time is |l ess than 1 hour petrasesaswsed at
1450F and 6,000 psi. In yet another adpect of the present invention there
is provided an inprovenent on a nethod of making cenent slurry with reduced
fluid | oss, where the i nprovenent conprises preparing the slurry, conbining
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slurry; provi i'trve inthe rormo aqueous
concent (&b Nk, RJastict disedsitg ¢¢psils Ognnbpnt UnlassgthgwisedmlitftedpthopBRido wi th a
viscosity of 1|ess thgcr at%(;)ut 15,000 cps, where the .concentrate contains a
pol yVi nylscai@anBIcases #f f%oge‘if?ﬁff%ﬂgﬁra%‘? IR GRS eCEh SOBHFHE wher e
the PVOGRifiafe Braeh@ Aflbéciuts ontiie@sd API 06, AgRAuigput 1 to about 25 cps; 3)
conmbining the flurd loss additive with the cenment slurry; and 4) cenenting
t he casi ng sf‘Bétrignevetardative” ahd threylikeefr tora lshgthewing bt eyre tipreorfwemaniudiiertg t he
i nventi Vﬁdi t hod are al so contenpl ated. Anong desirable features, the

i nventi 8 g?%s\'/i des for (1) reduced fluid loss, (2) good rheol ogy -not too

hard to stir ‘SaR8drd sedwdttm@menoOyiBiry,plaggdeddn Hesalgis) fess tcPd Cbriei Stuaryt

Pt O?g "t Ip?espafe(cjl from seawater and Class H cement where the slurry has a density of 16.2 pounds per
gallon and contains 1.25 % bwoc of dispersant (Lomar® D) and the specified amount of resin
blend.

“Static Gel Strerigth” (“SGS”) refers to the gel strength development characteristics of a
cement slurry under the given temperature and pressure conditions. The SGS value is measured

20  using a Static Gel Strength Analyzer (SGSA), available from the Chandler Engineering
Company. The SGS value is reported in 1b/ 100ft,

“Sulfonic acid-functionalized resins,” and like terminology, as used herein refers to a
polymer having functional sulfonic acid moieties, or salts thereof. Salts of sulfonic acid co-
resins may include sodium salts, potassium salts, among others. Exemplary sulfonic acid co-

25  resins are polymers which contain AMPS or NaAMPS monomers, as are well known in the art.

“Thickening time” refers generally to the time at which the slurry undergoes a rapid rise
in consistency. The thickening time is measured according to API 10, Section 8, with the
proviso that, for purposes of the present invention, the reported thickening time is the time it
takes for the slurry to exhibit a consistency of 70 Bearden Units (Bc). As used in the appended

30 claims, the thickening time is measured according to the following standard schedule, where the

transitions between the initial and final conditions increase linearly, and the final temperature is

maintained until the end of the test:



that the cenent can be placed and (3) little or no cenent set retardation
Addi tionally, the agueous concentrate of the present invention provides the
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pl atformand m xed with cenment powderi2zon demand, (2) it elimnates the need
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r equi r eGohditioaf f eTire @hijn)cont r ol Presguiepsiat i onsTeidpetdtufa’Fher features and
advantagis_of t he ingention are apparent fromthe foé@omﬁng descri ption.
Brief Des®fifhtion of Yt he Drawi ngs invention is d&Scribed in detai

bel ow Wi tf,g1ef erencegqt o the fol | o gy drawi ngs: Figung 1 is a conparison of
the fluid ?oss properties at el evated tenperatures of an invention blend
conposi tion and unbl ended resins; Figure 2 is a plot of viscosity of

i | ut.i f. P ' t dif trati ;
Frotte a s atprapobimgng fonet et traorarafind o BT AR SRR eB5RE: sus
time; Fi@kHase froinl 10096/ 80850900 [6Q0PEESSi ve strength of the cenent in

Exanpl e 53 over tine; Figure 5 is a plot of the consistency of the slurry

i n Exanpl e 54Yiedd Beist,’t 1’611‘?2?3 tairrflei resigance pfitercsment dwey.cBapradedptodast rengt h
of the (] 2QVeL ot | NR. | Lt

rvent | SOHReY RIS FoCA 2k gy o, bR hoHRICRERE AL e bliRare ot
numrer outengEbadkicnwtt srotafonplivipaseserabnextemplitlf ihe prdctine amblpioktdists @ttiied ionl y.
Modi fications to particular enbodi mnents within the spirit and scope of the
pr eKbnt APRRAPRFAdIXHEt forth in the appended clains, will be readily

PRt ok L08R RshpEl o A i L tosepinesiion andiefiaed.
static until the SGS reaches 100 Ib/100ft*.
In one aspect, the invention relates to an improved method of formulating cement
compositions by way of combining a concentrate with a cement slurry. A “cement slurry” or
15  like terminology as used herein means an aqueous composition containing solids that have
hydraulic cementing properties, that is, set and harden in the presence of water. Included in such
compositions may be ground granulated blast-furnace slag, other fillers, natural cement, portland
cement, modified portland cement, masonry cement, hydraulic hydrated lime, and combinations
of these and other materials. Specifications for Portland are set forth in ASTM specification C
20 15 0;‘speciﬁcations for cements that are chemically similar or analogous to Portland cement, are
set forth in ASTM specifications C 1157, C 595, and C 845. A preferred cement for use in the
present invention is Class H cement. The cement composition described herein may contain
other additives or ingredients and should not be limited to the stated formulations.
According to the compositions and methods of the present invention, polyvinyl alcohol is
25  used in conjunction with a co-resin to provide superior fluid loss properties to a cement slurry.
Polyvinyl alcohol is a preferred fluid loss additive because it does not retard the set of cement.
As used herein, “polyvinyl alcohol,” “PVOH” and like terminology means polyvinyl alcohol
resins which are typically prepared from polyvinyl acetate resins by saponification thereof which
is well known in the art. PVOH resins are derived from homopolymers of vinyl acetate as well
30  as copolymers of vinyl acetate with other ethylenically unsaturated monomers and may include
cationic sites if so desired.
The polyvinyl alcohol resins may be based on vinyl acetate homopolymer or copolymers

of vinyl acetate with any suitable comonomer and/or blends thereof. PVOH resins employed in



meani ng. Percent, for exanple, refers to weight percent, or where the
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term nol ogy refers t'o any neasure of water released or lost froma slurry
over ti aeolidy B -GE0EIH; graspsuseckpleeed by ;OHefreups thiouglh ghyalgelzsisls alsh asferred ot
casily gse 'pa?cro?l%?yssis '.r 8pe]fe?rred polyvinyl alcohol resins are those which are only partially
hydrolyzed, representative examples appearing in Table 1 below. Most preferable are PVOH
15 resins which are about 85 to about 90 percent hydrolyzed. The degree of hydrolysis refers to the
mole % of the resin’s vinyl acetate monomer content that has been hydrolyzed.
Methods of producing polyvinyl acetate-polyvinyl alcohol polymers and copolymers are
known to those skilled in the art. United States Patent Nos. 1,676,156; 1,971,951; and 2,109,883,
as well as various literature references describe these types of polymers and their preparation.
20  These polymers may be functionalized as is known in the art by appropriate incorporation of
suitable comonomers. Among the literature references are "Vinyl Polymerization", Vol. 1, Part
1, by Ham, published by Marcel Dekker, Inc., (1967) and "Preparative Methods of Polymer
Chemistry", by Sorenson and Campbell, published by Interscience Publishers, Inc., New York
(1961).

25 Exemplary polyvinyl alcohol resins, available from Celanese, Inc. include the polymers

shown below in Table 1:



slurry under gravity separation over tinme. To test for free water,
cenent slurry is prepared and conditioned to the test tenperature.
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e VlSCOSlty ‘of solutions of different PVOH resins is seen in Figure 2. Celvol 203,

as are

205, 523, and 540 are also available as S-grade resins which are distinguished from the standard

grades because they have a fine particle size such that 99+ % will pass through a U.S.S. 80-mesh

SCreen.

When a characteristic viscosity of a polyvinyl alcohol resin is specified, the viscosity is

the viscosity of a 4% aqueous (wt/wt) solution of the PVOH, at 20°C. The polyvinyl alcohol

10

from about 1 cps to about 25 cps.

resins employed in the present invention have relatively low characteristic viscosities, ranging

The PVOH employed in the present invention is used in combination with a co-resin

selected from sulfonic acid-functionalized resins. As stated above, sulfonic acid-functionalized

co-resin refers to polymers having sulfonic acid moieties or salts thereof. Generally, the co-resin

15

includes the residue of an AMPS monomer, and preferably contains predominantly AMPS

monomers. Repeating units of the AMPS monomer have the following structure:



"Thickening time" refers generally to the time at which the slurry
undergoes a rapid rise in consistency. The thickening tinme is neasured
accor di ngvoQowsR234/8, Section 8, wth the proviso that, Por/ysessos®ss of the
present invention, the reported thicksning tinme is the time it takes for
the slurry to exhibit a consistency of 70 Bearden Units (Bc). As used in

t he appended clains, the thickening tine is neasured according to the
foll owi ng standard schedul e, where the transitions between the initial and
final conditions increase |inearly, t he f nal tenperature is maintained
until the end of the test: Condition %ﬁ *! Pressure (psi) Tenper ature
(OF) Initial O 760 80 Final 37 6,000 ra S|t|on tinme" is defined as
the tine required for the SGS val ue f t he Ice nt to increase from 100

| b/ 100ft2 to 500 | b/100ft2. "Yield point," GeFdles to the flow resistance
of the cement slurry. It is calculated as flollows: yield Point (lb/100 ft?2)
= 2 x 9300 - g60O 0. The yield point is neajzwwed at the indicated test
tenperature with a rotational visconeter c nsistent with the practice and
procedures outlined in APl 10, Appendi é; "Zekgﬁge time" is defined as
the length of time fromthe point whe? th goes static until the
SGS reaches 100 I b/1OOFt2. In one aspect, tlhe invention relates to an

i nproved nethod of fornulating cenment conpd#isti ons by way of conbining a
concentrate with a cenent slurry. A "cenent| slurry” or like term nology as
used herein means an aqueous conposition cog.@i ning solids that have
hydraul ic cementing properties, that is, set %and harden in the presence of
wat er . Included in such conpositions may be ground granul ated bl ast-furnace
sl ag, her il

cemont - Encist e B L SipRivatie o A AV RS VK O Rk shgbia

approx1mately 80 % by weight of AMPS, balance NNDMA.

5 Additional sulfonic acid-functionalized co-resins may include other acrylamide
copolymers such as a copolymer of AMPS and acrylic acid. The sulfonic acid co-resin is
usually present in the fluid loss composition in minor amounts, i.e., less than 50 % based on the
total fluid loss resin weight. Indeed, the co-resin is typically employed in much smaller amounts
than the polyviﬁyl alcohol resin. The weight ratios of polyvinyl alcohol to the co-resin may be

10  in a suitable range of about 2.5:1 to about 10:1, with a particularly preferred ratio being 1.25 ‘
parts of PVOH resin to 0.22 parts co-resin. The combination of the low molecular weight
PVOH with the sulfonic acid co-resin achieves excellent fluid loss properties over a wide range
of temperatures. This is unexpected because each resin by itself does not exhibit acceptable
fluid loss prevention as is evident from the examples below. Furthermore, it is particularly

15  surprising that the combination is effective using such small amounts of the sulfonic acid co-
resin.

The resin blend of the present invention is usually substantially fully dissolved in water
in the inventive aqueous concentrate. Preferably, the concentrate contains only water as a
solvent, although minor amounts of other organic solvents may optionally be present. Likewise,

20  other additives may be present in the concentrate, though preferably the concentrate consists
essentially of water, the PVOH and the sulfonic acid-functionalized co-resin such that additional
components do not affect the basic and novel characteristics of the invention—that is, excellent
fluid loss reduction properties. The relatively low molecular weight of the PVOH used in the
present invention enables the use of aqueous concentrates having a high resin content, yet a

25  relatively low viscosity. Typically, the resin content of the concentrate ranges from about 10 %



of these and other materials. Specifications for Portland are set forth in
ASTM speci fication C 150; specifications for cenents that are chemcally
sim | ar owvoanalngoss to Portland cement, are set forth iPoTASIMS029064
specifications C 1157, C 595, and C 845. A preferred cenment for use in the
present invention is Cass H cenent. The cenent conposition described
herein may contain other additives or ingredients and should not be limted
to the stated fornul ations. According to the conpositions and net hods of
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Other “oil field” polymers are likewise useful and can be used in the slurry in addition to
the polyvinyl alcohol and sulfonic acid-functionalized resins. Suitable additional resins may
include cellulose derivatives and acrylamide polymers. Exemplary oil filed polymers include
acrylic polymers; polyacrylamides; PHPA — partially hydrolyzed polyacrylamides polyacrylates;

20  cellulosic polymers; CMC — carboxymethyl cellulose; PAC — polyanionic cellulose; HPMC —
hydroxypropyl methyl cellulose; starches; hydroxypropyl starches; modified starches; polyionic
starch ethers; polysaccharides; carboxymethylated polymers; hydroxyalkylated polymers;
hydroxypropy! guars; guar gums; diutan gums; welan gums; xanthan gums; biopolymers;
polymerized fatty acids; polyglycols; polyalkylene glycols; polyglycerols; esters; polyanionic

25  lignins and cross-linked polymers generally. Suitable polymers are enumerated in United States
Patent No. 4,557,763 and United States Patent No. 4,626,285. The cellulose derivative use
should be controlled so as not to retard setting more than is desired.

Dispersants are known to reduce the cement slurry viscosity and are preferably employed
in the slurry to improve the fluid-flow characteristics. If a dispersant is used in the slurry, it may

30 be any suitable dispersant such as calcium lignosulfonates, beta naphthalene sulfonates,
sulfonated melamine formaldehyde condensates, polyaspartates, or sodium naphthalene
sulfonate formaldehyde condensate resins, for example, LOMAR® D. (Cognis Inc., Cincinnati,

Ohio). Additionally, polycarboxylate dispersants can be used, by which is meant a dispersant



I n general, polyvinyl acetate in an al cohol solution can be converted to
pol yvi nyl al cohol, i.e. -OCOCH3 groups are replaced by -OH groups through
"hydr ol yswe"2pocal2sasreferred to as "al cohol ysi s". Pref er ped/uysedogmoravgd

al cohol resins are those which are onl7zy partially hydrolyzed,
representative exanpl es appearing in Table 1 below. Most preferable are
PVCH resins which are about 85 to about 90 percent hydrol yzed. The degree
of hydrolysis refers to the nole % of the resin's vinyl acetate nonomner
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viscosi tPIate%\To 5, 5%9%%]9 El% alpat uIt\To ]5 %3383&% W% ch are 1ncorporated herein by reference.
Typically, a dispersant is used in the slurry in amounts ranging from about 0.25 to 3.0 % bwoc.

15 Cement set time retarders may also be added to the cement slurry if it is desired to
increase the thickening time of the slurry. This may be useful in situations where the operation
time exceeds 2 hours and/or temperatures exceeding 150° F are to be encountered. Any
conventional retarder may be used. The above-mentioned cellulose derivatives typically act as a
set-time retarder. Further examples of retarders which can be used herein include

20  lignosulfonates, such as calcium lignosulfonate and sodium lignosulfonate, organic acids, such
as citric acid, tartaric acid, gluconic acid and mixtures thereof. The amount of retarder required
will vary according to the bottom hole circulating temperatures and variation in the makeup of
the cement itself. A preferred set time retarder is Kelig 32, available from Borregaard
LignoTech (Rothschild, WI).

25 Other additives which may be added to the slurry include weighting materials or
extenders. “Weighting agent” generally refers to any additive used to increase the density of a
slurry, while “extender” generally refers to additives which are used to decrease the slurry
density, thereby increasing slurry yield. Suitable weighting agents include density-increasing
solids such as barium sulfate, fly ash, pozzolan, hematite, ilmenite, silica, and the like.

30 Depending on the density of the materials, certain particulate materials used as fluid loss control
agents may also serve as weighting materi_als. See United States Patent No. 4,102,400 to
Crinklemeyer et al. If the density must be reduced, extender agents such as silicate compounds,

preferably sodium silicate or sodium metasilicate, may be added in amounts required to reach



The PVOH enpl oyed in the present invention is used in conbination with a
co-resin selected fromsulfonic acid-functionalized resins. As stated
above, suWbamia23s5d-functionalized co-resin refers to polryusess/obaes ng
sulfonic acid noieties or salts theresf. Generally, the co-resin includes
t he residue of an AMPS nononer, and preferably contains predom nantly AWPS
nononers. Repeating units of the AMPS nononer have the follow ng
structure: Especially preferred is a copolynmer of NNDVA and AMPS, where the
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PVCH usgth i bt s than 50 m1/30 min, or even less than 30 ml/30 min. The slurries also generally

exhibit free water values of less than about 10 % at 170°F. Advantageously, the cement slurries
prepared according to the present invention do not significantly retard the set time of the cement,
as is evidenced by the thickening times. Typically, the slurries exhibit thickening times of less
20  than 6 hours. The slurry should generally achieve a compressive strength of 500 psi in less than
about 11 hours (wait-on-cement time) and should have a transition time that is preferably less
than an hour and a half. Low wait-on-cement times increase productivity, as drilling cannot
resume until the slurry is hardened. A short transition time is also beneficial because it
minimizes gas influx. The cement slurry should also have a rheology that allows it to be easily
25  mixed and pumped. The slurry may have a plastic viscosity of less than about 250 cps at 110°F,
and the yield point may be between about 0 and 16 1bs/100 sq ft at 110°F. The cement slurries
are generally prepared to have a density of from about 15 to about 18 lbs/gal and a yield of from

about 0.75 to 1.5 cu-ft/sk.

30 Examples 1-4

For purposes of comparison, aqueous cement slurries were prepared using PVOH resin

believed to have a characteristic viscosity of about 50 in a ratio of 1:2 with Lomar® D dispersant



present invention enables the use of aqueous concentrates having a high
resin content, yet a relatively low viscosity. Typically, the resin content
of the cowoendiwmsgsranges from about 10 % o about 40% bycwaisgus/o29vds has a
viscosity of |ess than about 15,000 cps. The relatively high solids content
and | ow viscosity of the concentrate provides for an economcal fluid |oss
conposition with desirable rheol ogical properties. Cement slurries may be
prepared according to conventional nmeans as are well known in the art. The
fluid | esdtesrddifod feid ¢ewnae Hdidatedsin dlableldebabdses €he slunieamind anidtial denstyesfabl y
conbined with the cement slurry by addition to the cement m x water, but
may al s8byE léd‘d!é&aﬂf’lﬁ-ectly to the slurry or, perhaps, to the dry cenent
powder. The i p f j : : I W e unt
Fangi ng 11 omraBiut gt ps YR PR e Sl et b B A AR Ty be
pr esent usead witls asigatficant anget of dispaysangeabibit® AP25ludd lowovaltes of abovh20wniz30 The
resips in the fIldLPd | oss conposition are preferably added to the slurry

t oge? hePUgHtss #dVhvent i ve aqueous concentrate. In other aspects of the
present invention, the PVOH resin and the co-resin nmay be added to the
cenent slurry separately, and may al so be added in powdered form However,
providing the fluid |oss resins tlebetétamplessh4daqueous concentrate is

advant ageousrhecagsetcanbe@tdedt ot he sty gt £k, - d may
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al cohol and|sul fonilc acid-functionalipzed resins. $%uitable addi gﬁ nal| resins
may i ncl ude reeHutgse—tdertvatives—and—acrytandepotynes—fExe oi |
filed pol yners | Aed udﬂicr yH-€ O?SZI VALLS oD pr}?dyacryl anﬂ;lﬁﬁso' PHPA artially
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pol yi onic starch ethers; polysaccharides; carboxynethyl ated pol yners;,

hydr oxyal kyl at ed pol yners; hydroxypropyl guars; guar guns; diutan guns;
wel an guns; xant han guns; bi opol yners; :
10  Examples 5-10

The following examples illustrate the fluid loss properties of PVOH having various

characteristic viscosities.

' EXAMPLE 5

15 A quantity of 81.2 parts by weight of water was added to a mixing vessel and 18.8 parts
by weight of 87-89 % hydrolyzed polyvinyl alcohol powder with a characteristic viscosity of
5.2-6.2 cP was added. The mixture was heated to 85 degrees C for sixty minutes to produce a
solution of polyvinyl alcohol. From this solution 1.0 % bwoc of the polyvinyl alcohol was
mixed with 0.5 % bwoc dispersant powder and water with the balance Class H cement to

20  produce a cement slurry with a density of 16.2 pounds per gallon (ppg). The cement slurry was
conditioned per American Petroleum Institute (API) standards for 20 minutes and placed in an
HTHP Fluid Loss Cell. Fluid loss was measured at a temperature of 110 degrees F and a
pressure of 1000 psig for 30 minutes and the slurry was checked for plastic viscosity and yield
point. The slurry exhibited an API Fluid Loss of 13 mI./30 minutes. The plastic viscosity was

25 81 cP and the yield point was -2 [b/100 sq.ft.



pol ymeri zed fatty acids; polyglycols; polyal kyl ene glycols; polyglycerols;
esters; polyanionic lignins and cross-1linked polyners generally. Suitable
pol yner s woacemsEsated in United States Patent No. 4, 5P¢ris3ocamnebosni t ed
States Patent No. 4, 626,285. The cel |2l ose derivative use should be
controlled so as not to retard setting nore than is desired. Dispersants
are known to reduce the cenent slurry viscosity and are preferably enpl oyed
in the slurrémto i nprove the fluid-flow characteristics. If a dispersant is
used i nEXWdBLEAry, it nay be any suitable dispersant such as cal ci um
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f or mal deyyeghtofgiers &t RydreBzedpolidnyledaipl powddOMAR( & Jhabhctdrisdg rissoditycof,45-
Cncinnati, Chiog). Additionally polyc%ggoxyléte_dispersants can be used,
by whi ch P& vigkafieds Tdiegpihus Hiah Beaterfo S derisoh CHRE RBGTBIOMES 0 prddesd si de
chai ns, el el bl i R sBfuiibe, 050 dRv Rk t o the
backbone Fﬁt Oﬁémgg%'o£§¥ggpoup g?ugn et her grou&gﬁ% gﬁ?gfﬁgﬁﬁggg%sant is
al so nemitedtvaith G.61% thevot kispersettgrmelat andt water witls thefhatenice Ofnsa$l @nphnast i ci zer,
hi gh range water reducer,. flyidizer ntifloccul ati agent, or

Cuper p BOGHEA EEmerbRUEa i 2 Beth o 16 SReunds e bribi GPeporty ssrBhs vy avas

di sper safisidnd pBeAfiRHBsh P&rdikuSa IRatute DNOPT) San@fd e 20 thiSutePaRld th&d if:2890,
770, U.S. Pat. No. 6,310,143, U S. Pat. No. 6,187,841, U.S. Pat. No.

5, 158, 9HBHPUI8Id Iress CeNo Fled 0o vy Bpeagira] atReiemphiaturg of 3H) dgaees . ®d aPat . No.
6, 284,867, U. t..No. 609,681, ..U S Pat. : 494.516: U S Pat.. No.
5. ot gpstaus & 106msia B 3@ migen i thpsiry i ohyiked JoiglisgRicoCandsiptd. (o
5, 661, 266int. Uk slifef extibitedtan3®Bl B0fL 1.dds of 14PaIL/30NRinbes] BhePadtic Wisosifyadas NO.
5,798,425, U S Pat. No. 5,612,396, U S Pat. No. 6,063,184, and U S. Pat.
No. 5, 9346 giband the sicldpeint was 6 /Bfbsarft14, U S. Pat. No. 5,753,744, U.S. Pat.
No. 5,728,207, U.S. Pat. No. 5,725,657, US. Pat. No. 5,703,174, U S. Pat.
No. 5,665,158, U. S. Pat. No. 5,643,978, U.S. Pat. No. 5,633,298, U S. Pat.
5, 5SBRAMBLE4and U S. Pat. No. 5,393,343, which are incorporated herein
by reference. Typically, a dispersant is used.in the slurry in nts
rani ng f romA‘éb‘éﬁtt“YG’.fféztRf‘ﬂg .W_Wﬂ@ﬁ@% waisg F‘P@ﬁtad‘ifglttotairﬂ’gu}ge‘feé?%é?‘g?gg}’aﬁ? o)
be addedy {,RihPEr $£88 94 hdHiyz¥d bdlybihyl dlchBBpdwabrtth a characteristic viscosity of

5.2-6.2 cP was added. The mixture was heated to 85 degrees C for sixty minutes to produce a

&

solution of polyvinyl alcohol. From this solution 1.0 % bwoc of the polyvinyl alcohol was
mixed with 0.5 % bwoc dispersant powder and water with the balance Class H cement to

20  produce a cement slurry with a density of 16.2 pounds per gallon (ppg). The cement slurry was
conditioned per American Petroleum Institute (API) standards for 20 minutes and placed in an
HTHP Fluid Loss Cell. Fluid loss was measured at a temperature of 190 degrees F and a
pressure of 1000 psig for 30 minutes and the slurry was checked for plastic viscosity and yield
point. The slurry exhibited an API Fluid Loss of 64 mL/30 minutes. The plastic viscosity was

25 66 cP and the yield point was 0 1b/100 sq.ft.

EXAMPLE 8
A quantity of 88.5 parts by weight of water was added to a mixing vessel and 11.5 parts
by weight of 87-89 % hydrolyzed polyvinyl alcohol powder with a characteristic viscosity of 45-
30 55 cP was added. The mixture was heated to 85 degrees C for sixty minutes to produce a
solution of polyvinyl alcohol. From this solution 1.0 % bwoc of the polyvinyl alcohol was
mixed with 0.5 % bwoc dispersant powder and water with the balance Class H cement to

produce a cement slurry with a density of 16.2 pounds per gallon (ppg). The cement slurry was



increase the thickening time of the slurry. This may be useful in
situations where the operation tinme exceeds 2 hours and/or tenperatures
exceedi ngvd2006/23478 t 0 be encountered. Any conventi onal pcetuseasn29vey be
used. The above-nentioned cellul ose ddarivatives typically act as a set-tine
retarder. Further exanples of retarders which can be used herein include

l'i gnosul fonates, such as cal ciumlignosul fonate and sodi umlignosul fonate,
organic acids, such as citric acid, tartaric acid, gluconic acid and

m xt ur ecsolxdhmne@per Amerigaroleirolgm Ir@tlam@ﬁPla signdardsifon ) mipatey ankplaadiingnt o

t he bot atg, r eup of the
cement f{?gﬂﬁ %ﬁ{‘c gégr 910 rre re?éatgagtgmﬁgra%{?%Opf%dzgega%]/egﬁra e from
Bor r egagdeskukd @mmﬁeqislg(fB@B@&ﬁmwﬁathé slufdy vess cheldkict tfmqﬂasﬁhlvmomgyalﬁleyladded
to the slurry include weighting nmaterials or extenders. "Wighting agent”

gener al Pging @r%urfsbeﬂwtm AFNuidlenss 0523 el Ehmantiese T@érﬁastly VECORYSWar 1y,
whi I5e "?M&ngﬁf g&ﬁfﬁ&h{ a§§i‘t9f@0§ additives which are used to decrease

the slurry den3| ereby 1 ncreas ng slurry yield. Suitable weighting
agents i ncl ude density-increasing solids such as bariumsulfate, fly

ash, pozzol hematite, ilnenite, silica, and the |ike. Depending on the
denS| ty XAM]H%EIQ‘H'[GI’I als, certain particulate nmaterials used as fluid | oss

control agengs%ﬁﬁts{tg%m 63%&% %g}ﬁlog%t&gvagaa&édltala%nlx%eve%m Eﬁdjl§tﬂf?>taﬁ§

Patent No. 4 emsyer et al density nmust be reduced
ext endeby agmht ef HR6 AL iytlictyred pobyvpol ahsholmowﬁelr with g chadctaristgl Visoaite obr

dontd 1y T of BB e i T e B D aeflef Do bt S ot St B SRR g B e
uti| i zeghudd GTHdBRiNE laleohbR| HreM taisa,gmubﬁa@%wcwﬂ&bs}ﬁdyxtlﬁylolﬂe@dh@a@as deHSI ty

i f needed. As those skilled in the art will realize, the anpunt of

wei ght i mixedgeitht 0.61% bsvoe dirpersens noavdengsidoyater with Fhe\)ﬁ@l&]lcgﬁéﬂéﬁ Hycemagpétedi ng on
th t I d f d
he 17 kigrodfle SRR Sube SRHEbbIsHT or 165 pHERIIRETIbe” T Mt iy GRS

that cagoddgionddeer AmetivdePethldunaistings (ARTystaedhrdofor 3@ miateehet plhaidsin an
ai r-entraini ng. % ents def oaners, anti-settli ng agen% corrosj on

i nhi%i t BASIP Bidderss Felln hiHE losy vag dmesired pipdempeiaing g b depgeesdandiur es,

expansi fﬁ%ssure of 1000 psig for 30 minutes and the slurry was checked for plastic viscosity and yield
point. The slurry exhibited an API Fluid Loss of 13 mL/30 minutes. The plastic viscosity was
198 ¢cP and the yield point was -3 1b/100 sq.ft.

20 EXAMPLE 10
A quantity of 87.6 parts by weight of water was added to a mixing vessel and 12.4 parts

by weight of 95.5-96.5 % hydrolyzed polyvinyl alcohol powder with a characteristic viscosity of
27-31 cP was added. The mixture was heated to 93 degrees C for sixty minutes to produce a
solution of polyvinyl alcohol. From this solution 1.0 % bwoc of the polyvinyl alcohol was

25  mixed with 0.5 % bwoc dispersant powder and water with the balance cement to produce a
cement sturry with a density of 16.2 pounds per gallon (ppg). The cement slurry was
conditioned per American Petroleum Institute (API) standards for 20 minutes and placed in an
HTHP Fluid Loss Cell. Fluid loss was measured at a temperature of 190 degrees F and a
pressure of 1000 psig for 30 minutes and the slurry was checked for plastic viscosity and yield

30 point. The slurry exhibited an API Fluid Loss of 28 mL/30 minutes. The plastic viscosity was
141 cP and the yield point was -1 1b/100 sq.ft.

The results for examples 5-10, are summarized in Table 3, below.



agents, perneability reducers, punping aids, fungicidal adm xtures,

germ ci dal adm xtures, insecticidal adm xtures, shrinkage reducing

adm xt ur e’Q 20@gnregat es, pozzol ans, viscosifying agents, pamasasug/oodober

adm xture or additive that does not axdversely affect the properties of the
adm xture. Further details may be found in copending United States Patent
Application Serial No. 626,971, Publication No. 20040127606. The slurries
shoul d have acceptable fluid | oss properties at tenperatures up to at |east
170Q0F and pressures of about 1,000 psi. The slurries may exhibit suitable
APl fluid | oss values of |ess than about 100 ml /30 mnutes at 1700F and
1,000 psi. Preferably the APl fluid loss value should be |ess than 50 nm /30
mn, or even less thap 30 gl /80 mMn. The|sljurries also generally exhibit
free water val ues of I."gss- han about 10 Poat 170Q0F. Advant ageously, the
cenent slurries prepar@dsdieond Rg |tD &Hhropresent invention do not

significantly retard t%e-lgf {Tme” df" {Re|Cenent, as is evidenced by the
thickening times. Typi<€al &, t{he|sliurfies exhibit thickening tines of |ess
than 6 hours. The slufry should penerally &chieve a conpressive strength of
500 psi in less than about_[11|hoursg (Wwaif-gn-cenent tinme) and should have a
transition time that is pigferably [l ess than an hour and a half. Low
wai t -on-cement tinmes iEcEedse oroductilvity,) as drilling cannot resune until
the slurry is hardenetg @ASgHort transiftiph tinme is also beneficial because
it mnimzes gas influx. ‘Ee cenent| slurty |shoul d al so have a rheol ogy that
allows it to be easily m xed and| punped. | The slurry nmay have a plastic
viscosity of |ess than about 250/ cgs at H QOF, and the yield point nay be
bet ween about 0 and 16_0@,1/ 100 sg fit at H QOF. The cenent slurries are
generally prepared to Qa&e&g dgnss t|® of fyam about 15 to about 18 |bs/gal
and a yield of from aalﬁi.ﬂi‘\‘to 175 |Turtt)/ sk. Exanpl es 1-4 For purposes
of conparison, aqueous “ement | sl urrli es wer d prepared using PVOH resin
believed to have a gharacteristic-Miscéosity of about 50 in a ratio of 1:2
with Lomar(r) D disge §agtand testgd for|fljuid loss as indicated in Table 2
bel ow. The slurri e53ha£ 2| EniEi & |&enSi I§ |of
L O ™ — — — — -
o -
N A 273
N N £ Bln |n (v n [\ |n
) gRc o |o o o |
o 23
= /™
=)
O°\° O Lo B K B o B o B |
T
=
E‘E’MN A N I O =
2801 [2 [ 2 | |
F2RI e (T2 ISR
s>
O
=
S
N v v
SE _Jo (o o o |v |8
QO 2|%® [ | % ||
T H i I s (o | n
%m o0 [>2e] o0 (=] w vy
E‘ [«) N Y e)

Example
5
6
7
8
9
10

7235-PCT



about 16.4 Ib/gallon. As shown below in Table 2, below, the relatively high
nol ecul ar wei ght resin, when used with a significant anount of dispersant,
exhi bi t s wBlwddoas4sl oss val ues of about 20 m /30 m nut epcatuskbo®@Ea0cEXanpl es
5-10 The follow ng exanples illustrat® the fluid | oss properties of PVOH
havi ng various characteristic viscosities. EXAMPLE 5 A quantity of 81.2
parts by weight of water was added to a mixing vessel and 18.8 parts by

wei ght of 87-89 % hydrol yzed pol yvi nyl al cohol powder with a characteristic
viscosity ofAscanle: SZienﬁrqnaEabal@Iaelawem@lWl%f Wﬁ@hagg%ﬁﬁ@é heve @mppslees C
for 5|xt rod e I

sol uti off 1165(9@}’} lﬁ\%lélté&) H(b % yV| ny(? }n%fht& Mﬁmeyfa%ltﬁn%/%( tﬁﬁ‘?q}ngmg @18@7&5

di sper sihdticPaydeity fnte ‘ém@ras \abﬁlbaréhleo mghanﬁeleéﬂlas\seﬂghmeﬁﬁmt Thie 1sp{r0duce a
cenment slurry with a density of oundgeﬁ*ﬁr gal | on (ppg% The cenent

sl urry wespedeting iiakly useil x&m ﬁle%thpéftrt%ﬂc &Y pigheiscap >)P¥9mamas f or
20 rgl nugh%ﬁl q.ls@h g%ﬂ%lflolgs FE Ik e l‘é@ﬁshog%lvler tlfelt ui &evﬂéc?te >ur ed
at a tenper ure o rees and a pressure’o 0 psig 3

m nut esi.anP0Fehslow myolewam ohehkBY Ofbbegisas lose 1t8|fhncbklss yifmacy. yi eI d point.
The slurry exhibited an APl Fluid Loss of 13 nlL/30 m nutes. The plastic
viscosity was 81 cP and the yield point was -2 1b/1 00 sq.ft.EXAVPLE 6 A
quant i ty, ph1881p1parts by wei ght of water was added to a mixing vessel and
11.5 parts by weight of 87-89 % hydrolyzed polyvinyl al cohol powder with a
char act er i st AvothPsseoish baqeouteenBBt dmrwagvemjpr@narecrh@d ﬁ?ﬁt)?d usleg\ﬂ@évqluea%ﬁj to

egr ees for sixt uce e L ution vin aI cohol .
P HeSnYShit Tt oo BLe P 2 AR BERGT: Rofrdisednafre e 1B o s o6
bWOC d' SR@1es AR HRO WA Sliti ANRNYBL ETabbéit th 4 v/ gbﬂd)rﬁ m&ﬁfe%raaﬁpdﬂsah@ El'@d’l'ivas‘, aried.
Results appear in Table 4 below.

Table 4 - Examples 11-18

Example | Temp | Density PVOH Dispersant | Fluid Loss | Fluid Loss
F) (Ib/gal) (% bwoc) (% bwac) (ml/min) API (ml/30
min)
11 110 16.2 0.8 - 35/0.2 882 (cale)
12 110 16.2 0.8 0.50 20/30 40
13 190 16.4 1.3 0.50 48/3 304 (calc)
14 190 16.4 1.0 0.63 48/15 136 (calc)
15 190 16.4 1.2 0.76 33/30 66
16 260 16.2 0.8 - 88/1 964
17 260 16.2 0.8 0.50 91/11 301
18 260 16.4 1.5 0.94 90.30 180

15
Here again, it appears that PVOH with a characteristic viscosity of 5-6 appears to permit
high levels of fluid loss at 190°F.
In the following examples a series of aqueous cement slurries were prepared with an
NNDMA/AMPS polymer and Lomar®D dispersant. The amount of NNDMA/AMPS was
20  varied. No PVOH resin was added to the slurry. The slurries were tested for rheological and

fluid loss properties at 110°F and 170°F. The results are shown in Table 5, below.



produce a cement slurry wth a density of 16.2 pounds per gallon (ppg).

The

cenent slurry was conditioned per Anerican PetroleumiInstitute (API)

st andar dswbanoed34vsnut es and pl aced in an HTHP Fl ui d LoesT@sbéos/okdoas d | oss
was neasured at a tenperature of 110 ®egrees F and a pressure of 1000 psig
for 30 mnutes and the slurry was checked for plastic viscosity and yield

poi nt .

The slurry exhibited an API

Fluid Loss of 14 nl/30 m nutes.

The

plastic viscosity was 246 cP and the yield point was 6 | b/ 100 sqg.ft.
EXAMPLE 7 A quantity of 81.2 parts by weight of water was added to a m xing

vessel

and 18.8 parts by weight of 87-89 % hydrol yzed pol yvi nyl

al cohol

powder with a characteristic viscosity of 5.2-6.2 cP was added. The m xture
was heated to 85 degrees C for sixty mnutes to produce a sol ution of

mthis solution 1 0.9
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produce a cement slurry wth a density of 16.2 pounds per gallon (ppg). The
cenent slurry wasconditioned per Anerican PetroleumlInstitute (API)

st andar dswbanoed34vsnut es and pl aced in an HTHP Fl ui d LoesT@sbéos/okdoas d | oss
was neasured at a tenperature of 190 x¥egrees F and a pressure of 1000 psig
for 30 mnutes and the slurry was checked for plastic viscosity and yield
point. The slurry exhibited an APl Fluid Loss of 23 nL/30 m nutes. The

pl astic viscosity was 140 cP and the yield point was 2 Ib/1 00 sq.ft.
EXAVPLE 9 A Kjisewideny fiofn Byangplpait 3-82 that theiNRD Mot/ AMP B copm gmenidied npach andixi ng

vessel d.12 4 parts i.ght. of ..95. 5+ 5. % hydr ol yzed yvi nyl .al cohol
powder gﬁqcﬁvgﬂgﬁgpgca[dgﬁ Vsﬁ}t,tg'clg\#fs%’%t?lg@g ‘3? ?9"}15140¥ Y e\%é O%ﬂ%@h‘. Ynl%éd’ﬁﬁit ure
was heagf6uudt f 8diddesy Hpsarstd RicreakedsmsieNINBMA/ANIP O BbisByBessio hddddon of

pol yvi nyl al cohol. Fromthis solution 1.0 % bwoc of the polyvinyl alcohol
was mixed with 0.5 % bwoc di spersant powder and water with the bal ance

d a )?faquQst _g6produce a cenent slurry with a density of 16.2 pounds per
gal I'on Tppo—1 cenment slurry was conditioned per American Petrol eum
Institute (ARIJesighehelpetmehpvardidgihegiiaattyadtd78%kdydiclyad gdihflaltotol 0ss
Cell. Fluid | oss was neasur eg at a tenperature of 110 degrees F and a

pr essur Withe chapeepsliqrisesits of arfit 68 thnauankly &ff disnepsaphroidrecavddhs graniitnast i ¢
. . . . Lt . Pl
" S PN G e A L e

c'viscosity was 1 e yleld point was -3
| b/ 1 00caguéted irotdMPloBEdddifiageamant SwyrowitB dptmpad AP lpidvsisg theadddgyatd freevas

dded t i Xi | 4 parts b i ght 0f 195.5-96.5.% h | yzed
o0 rprespedniinge it NP AT RS bt e Etec B v & bt Aoy
added. g@et W, MNPE uMAS atEZ6 /e ob SNESMICEiRe SitribOtvest prbpardd MebRBnd © ApPduce
a solution of polyvinyl alcohol. Fromthis solution 1.0 % bwoc of the

pol yvi nstindakdsoinditesiedsinithe BI TR fwid doss colf iolemprspie 98P0 deskersiE audch migssere
o nds SR RGeS SR RutS, BOGHEP el TR IR AL o adfsh 0P 188 BBL" ¥rufies' - 2

were also checked for plastic viscosity, yield point, and free water. The results are shown in the

(

15 following table.



conditioned per Anerican PetroleumlInstitute (APlI) standards for 20 m nutes
and placed in an HTHP Fluid Loss Cell. Fluid | oss was neasured at a

t emper at we 2066/02M¥sdegrees F and a pressure of 1000 psi gcrars2@BG/omdonut es and
the slurry was checked for plastic vizcosity and yield point. The slurry
exhibited an APl Fluid Loss of 28 nL/30 mnutes. The plastic viscosity was
141 cP and the yield point was - 1 Ib/1 00 sg.ft. The results for exanples
5-10, are sunmarized in Table 3, bel ow 7235-PCT 22 Tabl e 3-Exanpl es 5-10 K>
K>As can be seen from Table 3, |ower nol ecul ar wei ght PVOH resins have
conpar abl e values of APl fluid loss at H QOF (13 m /30 m nutes), while at
the sane tine, inparting a |lower plastic viscosity to the slurry as

conpared to hi gher nol ecular weight r This is—an-upexpected and
hi ghl y' useful result sjnce t,léle art |te t hat verly high vji sgosity PVOH
resins should be used ps, fl ugd ljoss a es| It dan|be| seen,| however,
that at el evated tenpejatdiiges|s«i|e. | at e lovwsgmherul @@ el ght PVOH
begins to lose its flujtud o3| ef|fl ¢acy. ifbl es| 11- 18 Ahot|her| series of
aqueous cenent slurries vvereéprepared ested| uding Cel viol (jr) | 205S resin
(characteristic viscosjity of b5 2-612) omar () 1D di spersant-|Here, the
aqueous cenent slurries also pad an i densjty off apout 16. 4
| bs/ gal | on; however, d Sggsant use w i etke Resul ts appear| in Table 4
bel ow. Table 4 - Exanp|& T1-18 |[Hene it appears tpat| PYOHwith a
characteristic viscosipy—of—5Sr6jappea petrmt—tgh—tevetstof{fluid | oss
at 19Q0F. In the foll o ng_exanpl eg a s of mqueouys tenent] slurries
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NNDMA/ AMPS pol ynmer and Lomar (r) D di spersant. The anmount of NNDVA/ AMPS was
varied. No PVOH resin was added to the slurry. The slurries were tested for
r heol ogi owb 2a0wh28478i d | oss properties at H QOF and 17Q0PCT/Aise00s5@39064 S ar e
shown in Table 5, bel ow 7235-PCT 24 Table 5 - Exanples 19-22 k>It is

evi dent from Exanpl es 19-22 that the NNDMA/ AMPS copol yner does not act as
an effective fluid |oss additive by itself, exhibiting APl fluid |oss

val ues of over 200. I|Indeed, the amount of fluid | oss appears to increase as
nor e NNDMA/ AMPS copol yner is added. Exanpl es 23-46 A designed experi nent
varying the quantity of 87-89 % hydrol yzed pol yvinyl al cohol wth a

characteristic viscosity of 5.2-6.2 cP, the quantity of dispersant powder,
and the quantity of am NN AVPS ciopal yirer| cqnbiined with C ass H cenent
powder and wat er waszonfdugted in order to jdentify|la cenent slurry with
optim zed API 1,]_‘@%@)55 rheolog%, and freg viat er performance. The
NNDVAY AVPS cop o S8 pel|Feved|®ohatie |[d conpositj on of about 80 wt. %
AMPS units and| 207 W 2| % NN un{tsl. $lufries |wee prepared according to
APl standards and tested|in the HTHP filluid | ods c¢ell at a tenperature of
190 degrees F and a piessurle of 1000 psi@g for {30[m hutes. The slurry in
each exanpl e hade.a densjty off 16.2 ppg. |Slurries were al so checked for
pl astic viscos Ey*-':g@l ¢l d pgint, HBd frlee Mat er|. The results are shown in
the follow ng tRabg e’ 7235 PCT 26 Tabl e |6. | Expnpl es 2B3-46 k>7235-PCT 27 Tabl e
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K> 4As will be appreciated fromthe foregoing data, the conbination of AWS
copolynmer with I ow nolecular PVYOH resin as a fluid | oss conposition

pr oduces wbuneg/es4?dhi ch exhi bit reduced fluid | oss, enalpCirng2008/029064
controll able set tinmes for cenment slwsries in down hole applications due to
the reduced fluid |l oss, even at high tenperatures. Fromthese exanples it
was determ ned that a cenent slurry containing, as an additive, 1) about
0.5-2 % bwoc pol yvinyl alcohol with a characteristic viscosity of 5.2-6.2
cP; and 2) ahowuill be aplﬂeaa&{dtﬁnmctmffomgoinglmthk/léﬁnbbpﬁblynﬁAMP@mpbdmerf or a

good co atlo rties a S a broa erature r

0 0- T000Mth s sdiar AN bt 8§ B dors cPPPB G BBER G EBV AR S KBy vi ny!
al cohol reﬁﬁ@‘:ﬁ fliq Bbs BRabhidydoR! db%&@ll@dl@sé@ fifned f@rfb%f@ﬁi SRS bfdotiSRaei ty of
5.2-6.2 cP, conbined with an NNDVA/ AMPS copolynmer in a ratio of 1.25 parts
PVOH toalmllzanqmrdustwhpsecwp@ﬂyxdelpss prenias highdampergimreshe f ol | owi ng exanpl es
t hat5 the invent gge ?%ﬁu?erqogiegﬁgﬁ nérgrgﬁ edstha raece%lentt)lslgrrgn ntgpn%l ngaﬁ: Q&F ﬁt | ons.

The cement sIGPH Wer e prepar e

concent EXAbﬁm 52 wc@&ym@ﬁa&oha Widli b obkgadtenigiRadcusiesof8/246.2 dPTRnd Eyarrpl es
47-5 1 MPLE 47 A quanti K of 80.2 parts by weight of water was added to

a ni xi npoueddd).5 a(nblwq©0%a AVLpY M@S(jfﬁPOldmeB?pI@@ld% 1y argerg seabpaglioy phy |
| cohol oBy 2 AMPS
2 COnol e Py A8 AGbRL Rl EEk SRS K. Do) 23R BRI KA GV

added. ﬁmq:)dsitmwroﬁtamomﬁam;é dldohol8hatde @7 88950 Eycﬂmtyzsdi amcyhsm achbhestartipr oduce

a solution of poly | al cohol at 70 es F for
onel%e‘fésco,&’fti’ of 5&93’ %gf‘ o1 mw%ﬁ@ﬁﬁv&é@& 112:@“1@#3%

sol uti opy xture was m xed W|th 125%bwoc

di spersant t%ﬁﬁﬁ%ﬁ%@ceﬂr@%@%nﬁﬁl he bal ance C ass H

It is seen from the following examples that the inventive aqueous concentrates are stable
under aging conditions. The cement slurries in example 46-50 were prepared at various
concentrations and were exposed to various temperatures over time.

15
Examples 47-51
EXAMPLE 47
A quantity of 80.2 parts by weight of water was added to a mixing vessel and 19.8 parts

by weight of 87-89 % hydrolyzed polyvinyl alcohol with a characteristic viscosity of 5.2-6.2 cP

20  mixed with NNDMA/AMPS at a ratio of 1.25 parts polyvinyl alcohol to 0.22 parts
NNDMA/AMPS was added. The mixture was heated to 85 degrees C for sixty minutes to
produce a solution of polyvinyl alcohol. The solution was aged at 70 degrees F for one week.
After aging, the solution viscosity was 1720 cP. From this solution 0.71 gal/sk of polymer
mixture was mixed with 1.25% bwoc dispersant powder and water with the balance Class H

25  cement to produce a cement slurry with a density of 16.2 pounds per gallon (ppg). The cement
slurry was conditioned per American Petroleum Institute (API) standards for 20 minutes and
placed in an HTHP Fluid Loss Cell. Fluid loss was measured at a temperature of 170 degrees F
and a pressure of 1000 psig for 30 minutes and the slurry was checked for plastic viscosity and
yield point. The slurry exhibited an API Fluid Loss of 26 mL/30 minutes. The plastic viscosity

30  at 80 degrees F was 203 cP and the yield point at 170 degrees F was 31b/100 sq.ft. The free

water was 2.8%.



cement to produce a cenent slurry with a density of 16.2 pounds per gallon
(ppg). The cenent slurry was conditioned per Anerican PetroleumlInstitute
(API') st amdaoeb284s 20 m nutes and placed in an HTHP Fl eca/dsesms/o@®ks . Fl ui d
| o0ss was neasured at a tenperature o0f29170 degrees F and a pressure of 1000
psig for 30 mnutes and the slurry was checked for plastic viscosity and
yield point. The slurry exhibited an APl Fluid Loss of 26 nL/30 m nutes.

The plastic viscosity at 80 degrees F was 203 cP and the yield point at 170
degr eesEKAMBLB48/ 100 sq.ft. The free water was 2.8% EXAVPLE 48 A quantity

f 80.2 ts b of

part's by wei BBl S S T Pl SEAAT At A AR a0 4 Bl
char act By iveidhe of/87589% hydrofyzéd ﬁolg}vﬁleel?cdHoXe@th\M chbrabiSEMY viddd3fy af 52-6.2¢cP0 of
1.25 parts poI yVi nyM al cohol to 0.22 AVPS was added. The

m xt ur emjes! & éMPtﬁeﬁraééBO ef 85 P%ft%df%ly‘fﬁﬂl.?tl‘é‘?(’%@ %??OEFHESe a sol ution
ft
agl ng, W@? on o) a-slaggcslls Qy\}/\ﬂ/é)gtﬂli% H%gég (?g?naéﬁfészs (féo ut| S‘%gsf"gAm ? ;k
of pol ypwexdued %immtmwwfqooﬂlywmi aldohbl. TTH2SoMtiowsas dgsharld ait fopomdweelanﬂftmat er
ith the bal c H. d th a.d t
of | 16, 2gBGrAS RTOGRRBIY (BAyS) ShelBan A oLGR ) LSk Gt FrgHea aE,
Aner i Cawaf ikl i bB % b%& alsﬁa@ﬂat poivaBidaddSatbonit2 theBaliit £ 81RO d?:h%@% in

an HTHP Fluid Loss Cel Fluid | oss was neasured at a tenperature of 170
degr eespiedacia ecnpmslsluwemdf a ooty 9§l ¢ 2 fropndsperrigallane@pandl heh@nmnwlmyy WS

chegcked f oy st i.scosi.ty an int h ur.r exh an API
e o a3 D AmekBSiPhint Bl i AB] blhard e 2b e i la 3R 1
227 cP gngipt eidyi &k ¢ ePOiFMid dbss W netRsuire® st ftewmpsratikbol 090 &égréds F ddden free
water was 2.4 % EXAMPLE 49 A quantity of 75.1 parts hy I.ght of water was

added t preasusg /f HPOnsistor 38 minglgs andythe ﬁ@nmwwgﬂiedé?r Iﬂasiwlwwﬂml wioldd
pol yvi ni;om? | T ehs(flllrryme)&}ﬁbf’f‘ecf:ﬁafxﬁfﬁﬁ{d I%s's Gf ﬂ ﬁﬁ9§(5 I‘n)l'nlﬂés SFif” p@as%c Q/Fs,cosny at 80

degrees F was 227 cP and the yield point at 170 degrees F was 41b/100 sq.ft. The free water was
15 24%.

EXAMPLE 49
A quantity of 75.1 parts by weight of water was added to a mixing vessel and 24.9 parts
by weight of 87-89 % hydrolyzed polyvinyl alcohol with a characteristic viscosity of 5.2-6.2 cP
20  mixed with NNDMA/AMPS at a ratio of 1.25 parts polyvinyl alcohol to 0.22 parts
NNDMA/AMPS was added. The mixture was heated to 85 degrees C for sixty minutes to
produce a solution of polyvinyl alcohol. The solution was aged at 70 degrees F for one week.
After aging, the solution viscosity was 6392 cP. From this solution 0.57 gal/sk of polymer
mixture was mixed with 1.25 % bwoc dispersant powder and water with the balance Class H
25  cement to produce a cement slurry with a density of 16.2 pounds per gallon (ppg). The cement
slurry was conditioned per American Petroleum Institute (API) standards for 20 minutes and
placed in an HTHP Fluid Loss Cell. Fluid loss was measured at a temperature of 170 degrees F
and a pressure of 1000 psig for 30 minutes and the slurry was checked for plastic viscosity and
yield point. The slurry exhibited an API Fluid Loss of 26 mL/30 minutes. The plastic viscosity
30 at 80 degrees F was 203 cP and the yield point at 170 degrees F was 31b/100 sq.ft. The free

water was 2.8%.



m xed with NNDMA AMPS at a ratio of 1.25 parts pol yvinyl alcohol to 0.22
parts NNDMA/ AMPS was added. The m xture was heated to 85 degrees C for

si xty m nwopasodi3qgasoduce a sol ution of polyvinyl al coholpcT/ise0050bo0b4 ON was
aged at 70 degrees F for one week. Afier aging, the solution viscosity was
6392 cP. Fromthis solution 0.57 gal/sk of polymer m xture was m xed with
1.25 % bwoc di spersant powder and water with the bal ance Cass H cenent to
produce a cenent slurry with a density of 16.2 pounds per gallon (ppg). The
cement EKAMBLEA&8 conditioned per Anerican PetroleumInstitute (API)

st andar ds fo F=Ye i n i.d 0SS
was rreasured a%“a%“&‘/@ﬁggﬁé% gt(rgg?“?e?@gﬁk é‘geré‘yé% Edegn aémk)ﬁrql :Yseug?gee 4%3(’5’%“%0& g
for @ Weighs o £S89 Iehrdrolrad pegvialietdadl ivith aphastietstid \ea@sity ¥f and.ycel d
poi nt he sl ur](r\%J exhibited an APl Fluid Loss of 26 ni/30 mnutes. The

pl ast i cmipedoweh NDMAGHVESHt adtiqoiyh3d pats Ropyvany alaeBolted)- 22 pasisnt at 170
deg e%ﬁﬂ@@ﬁ%@s@% aﬁiﬂe% U Thel BfctifeSfas ‘gggt%g kins d@;ﬂ@e@@f@%ﬂtgnﬁﬂu& guantity

5 1" par f water was Xi ng ves and 24.9
par ts bmodmwiolmfon&ﬁ"-pﬁﬁfv%yhy‘.htbhblyﬂ&rd sploltipu way Iagesd adh6IF for bie week. After

character.i st i SCOSI t xed, wit Al at a.ratio of
1.25 patdiass ﬁ\l‘fmwa ’(%S’PS éé”od’zzl?faalr Mmgw ﬁa@armvﬁél

m xtur ewwéaﬁmrya%am 99 %3§w9@ %ﬁ&%@ bRterSinitwatdFi Wikl @2 bhRnbd CBHEE @ni@f 4t | on
of polyvinyl alcohol. The solution was aged at 115 F for one week. After

agl ng producscd eenaphsiuirs o681 4 genagy 06362 pomndsmeo galtdni (spglo| eicoment Ty alas sk

d.wt % d t d wat
i (P B ChBRe Bt st I B R 2 R by G R A ¢
of 16. 2ypewpnElgidaesss gRlll Pruid RiRgvas TasiGedBit tefi iowm‘e W7 (C@ipkdsIFORRAG per
Anerican PetroleumlInstitute (APlI) standards for 20 m nutes and placed in

an HTHPPEswreol W98 pid for 3Emipgfey @zdsth@\,al@rrm Ghedked forplastigyydscasityr andgfield 70

d E
chockecPTsh "THALFREEHLEAE AR 151 R/ JHARS, B I8, Sl 496,
Fluid L@é:gﬁee@fF Wasl264L.dP3shdrthe yieB:Bpmf[m 1p0 dsgrbe‘s Kivacd$h/1§0 &f.ft8The free water

15  was 3.2 %.

EXAMPLE 51
A quantity of 80.2 parts by weight of water was added to a mixing vessel and 19.8 parts
by weight of 87-89 % hydrolyzed polyvinyl alcohol with a characteristic viscosity of 5.2-6.2 cP
20  mixed with NNDMA/AMPS at a ratio of 1.25 parts polyvinyl alcohol to 0.22 parts
NNDMA/AMPS was added. The mixture was heated to 85 degrees C for sixty minutes to
produce a solution of polyvinyl alcohol. The solution was aged at 115 F for two weeks. From
this solution 0.71 gal/sk of polymer mixture was mixed with 1.25 % bwoc dispersant powder
and water with the balance Class H cement to produce a cement slurry with a density of 16.2
25  pounds per gallon (ppg). The cement slurry was conditioned per American Petroleum Institute
(API) standards for 20 minutes and placed in an HTHP Fluid Loss Cell. Fluid loss was
measured at a temperature of 170 degrees F and a pressure of 1000 psig for 30 minutes and the
slurry was checked for plastic viscosity and yield point. The slurry exhibited an API Fluid Loss
~ of 21 mL/30 minutes. The plastic viscosity at 80 degrees F was 228 cP and the yield point at
30 170 degrees F was 4 1b/100 sq.ft. The free water was 3.2%.

The results for the Examples 47-51 are shown in Table 7 below at a test temperature of

170°F.
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Dispersant
(% bwoc)

1.25
1.25

1.

25

1.25
1.25

AMPS

(% bwoc)

0.187
0.187
0.187
0.187
0.187

(%
bwoc)

PVOH | NNDMA/

1.063
1.063
1.063
1.063
1.063

viscosity
after
aging
(cps)

Solution

1720
1660
6392
6392
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CF)
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70
115
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(wt.%)

19.8

19.8
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4.9
19.8
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i s advantageously utilized in connection with cenent fornul ati ons which are
slurried with seawat er. Exanpl e 52- Seawat er EXAMPLE 52 A quantity of 81.1
parts by wmli2géio2ei7swat er was added to a m xi ng vessel amrctAs8ogsardoss by

wei ght of 87-89 % hydrol yzed pol yvi nyd2 al cohol with a characteristic
viscosity of 5.2-6.2 cP was added. The m xture was heated to 85 degrees C
for sixty mnutes to produce a solution of polyvinyl alcohol. Fromthis
solution 0.75 %gal/sk of solution was m xed with 0.22 % bwoc NNDMA/ AMPS
powder, 1.25 % bwoc di spersant and seawater with the bal ance C ass H cenent
to produce 3 e&fBaisonlofEximpict B7813RGWS that Of idendvefiuiddssspaditpel | on (ppg) .
The cement slurry was conditioned per Anerican PetroleumlInstitute (API)

st andarcdmppeition & sidietpen agiee. pl kese exqmplanalserijmsicate that fhedgventive aqyoys d | oss
was neasure . I 3 . d :1000 psig
For 30 nnrarel i CREAL 8y ekl AARARRERRof BRATEH Rl Dol nt
andsf r e@pavr€fuid Beeregluttisry exhi bited an APl Fluid Loss of 17 nl/30 minutes.
The plastic viscosity at 170 degrees F was 123 cP, the yield point was 4

| b/ 100 sqg.ft., and the free water was 1.2% This data sho tigit th

i nventive fltisgesoiemdhelfalioydng eramade tiabieicancestipige F%huaowm?ﬂu Za%eﬁo er

slurries, . as..|i AV L i li)sd ]Eafg;pl '%@wﬁﬁ'd 54 Two
cenent 1%?%‘?21?‘1;[31@20 w&s re! mgire}eﬁﬁg?(ggieg&nodp%’{et%? e b g?ﬁ 11}4%(2)({}%5{ cal, P ﬁwl oss, and
set tirgeawsteperties. The test conditions are designed to enul ate well

conditions. The followng materials were used in Exanples 53-54:Fluid Loss
Corl@ent r at e: Agueous concentrate with a solids content of 17.69 % and a

wei ght i <B. resin to NNDMA/ AMPS resin of 1.25:0.22 Cenent: Cass H
Cenent ,E’%@f@—?—%—% 6m Texas LeHi gh (Buda, TX)
EXAMPLE 52

A quantity of 81.1 parts by weight of water was added to a mixing vessel an 19.8 parts

by weight of 87-89 % hydrolyzed polyvinyl alcohol with a characteristic viscosity of 5.2-6.2 cP

15 was added. The mixture was heated to 85 degrees C for sixty minutes to produce a solution of
polyvinyl alcohol. From this solution 0.75 % gal/sk of solution was mixed with 0.22 % bwoc
NNDMA/AMPS powder, 1.25 % bwoc dispersant and seawater with the balance Class H
cement to produce a cement slurry with a density of 16.2 pounds per gallon (ppg). The cement
slurry was conditioned per American Petroleum Institute (API) standards for 20 minutes and

20  placed in an HTHP Fluid Loss Cell. Fluid loss was measured at a temperature of 170 degrees F
and a pressure of 1000 psig for 30 minutes. The slurry was checked for plastic viscosity, yield
point, and free water. The slurry exhibited an API Fluid Loss of 17 mL/30 minutes. The plastic
viscosity at 170 degrees F was 123 cP, the yield point was 4 1b/100 sq.ft., and the free water was
1.2%. This data shows that the inventive fluid loss additive composition is compatible with

25  seawater slurries, as is commonly used in off-shore drilling.

Examples 53 and 54 .
Two cement slurries were prepared and tested for rheological, fluid loss, and set time

properties. The test conditions are designed to emulate well conditions.
30

The following materials were used in Examples 53-54:



D spersant: Daxad 19, avail able from Hanpshire Chem cal Corp. (Nashua, NH)
Retarder: Kelig 32 (50 %ol ution), avail able from Borregaard LignoTech

( Rot hschiwd,2008f0e3425t ender: Sodi um Met a- Si | i cat e Def oanerCcTRR2@k/029%64i | abl e
from BJ Services Conpany (Houston, TXB The exanpl es were prepared according
to the followng fornul ations: Exanple 53: Class H Cenent + 0.86 gal/sk
Fluid Loss Concentrate + 0.625 % bwoc di spersant + 0.02 gal/sk defoaner,

m xed with 3.32 gal/sk Fresh Water or 4.2 gal/sk Total Mx Fluid at a
density of 1BhddLigssGloneendrateyi elAduedus tonGwiratetwidka elidysontesidof 1G6s% aad

Cement + 0.86 gal/sk Fluid Loss can t 1025 % i sant
0.02 gal/sk defoaner + 0.01 gal /ég%%f%tggrt eo‘r%Py(gHg%?%\{%Wg{‘@gﬁs lﬁ?lg%é)g
with 3.32 gal/sack fresh water on.24;2% gal/sk Total Mx Fluid at a density

of 16.6 Ib/gal and a yield of 1.05cu-ft/sk Laboratory testing was conducted
for two general well conditions. The conditions are as follows: Conditions

w U a Bot t oGt PSS stati ¢ Tempor gty & (B " ahes apr A ek dity £8)

Circul ating Tenperature (BHCT) of 120 F, and a Bottom Hol e Pressure of

6, 000 psi.Conditions for Exanpl e_54: 7/ 8-inch Drilli I ner a depth
of 11,500 feDiSPeliaE a BHST of 18P ?%aﬁﬁﬁp%'go@ ,Psgﬁ‘abi}e isef GAth-o! o
Pressure of 9,500 psi. The free yRi@(aang) fluid loss tests were perforned
after conditioning the slurry at BHCT for 20-m nutes on an atnospheric
consi stoneter. The free water tests were conducted at BHCT for 2-hours. The

rl uiéj loss t ﬁ%%a%d\é\ﬁr e conducted %teli:gg 95 (Mo?quni a%i?a?o?eufrgmcgorg'e%ggrdpSI - The
LignoTech (Rothschild, WI)

Extender: Sodium Meta-Silicate

15 Defoamer: FP-6L, available from BJ Services Company
(Houston, TX)

The examples were prepared according to the following formulations:

20 Example 53: Class H Cement + 0.86 gal/sk Fluid Loss Concentrate + 0.625 % bwoc
dispersant + 0.02 gal/sk defoamer, mixed with 3.32 gal/sk Fresh Water or 4.2 gal/sk
Total Mix Fluid at a density of 16.6 1b/gal and a yield of 1.05cu-~ft/sk

Example 54: Class H Cement + 0.86 gal/sk Fluid Loss Concentrate + 0.625 % bwoc
25 dispersant + 0.02 gal/sk defoamer + 0.01 gal/sk retarder + 0.2% bwoc extender, mixed
with 3.32 gal/sack fresh water or 4.21 gal/sk Total Mix Fluid at a density of 16.6 1b/gal
and a yield of 1.05cu-ft/sk
Laboratory testing was conducted for two general well conditions. The conditions are as
follows:
30 Conditions for Example 53: 13 5/8-inch Intermediate Liner at a depth of 8,200 feet,
with a Bottom Hole Static Temperature (BHST) of 145°F, a Bottom Hole Circulating
Temperature (BHCT) of 120 °F, and a Bottom Hole Pressure of 6,000 psi.



fluid loss, free water, and rheol ogical properties are listed for each
exanple in tables 8 and 9, below. Table 8-Rheology and Fluid Loss Data for
Exanpl e 580TPad/m3&sRheol oRV and Fluid Loss Data for Examrpiras2éshxaepl es 53
and 54 were also tested for thickening tine, conpressive strength and
static gel strength. The thickening time conditions for Exanple 53 are
listed in Table 10, below. Table 10 The thickening tinme for Exanple 53 was
4 hours and 42 mnutes to 70 Bc. The thickening behavi or of Exanple 53 is
i |1 ustr@oedtions for Gyaepl8.SFhe 7(fcmeh éxdiivelmtr @ngleptipefodeylifest, oithBHPTe 53

are illu ed_| a L1, bel ow, IS sho hically in Figure 4.
Tabl e 1‘15@?& @?ﬁbﬂogl&éﬁg{lq#)%ﬁomﬁﬁ?%b@§%¥bsg@(?$% gel gt rengtg resul ts
for exanple 53 are seen in Table 12, below Table 12-Static Gel Strength of

Exanpl e 53 The slurry of Exanple 54 was tested for thickening tinme under
t he fol | owilhg fitee Nyséar and fleichlods ispte y&ur perfomdd eiterrronditigping thaslwhye at BHEKeni ng

or oper (10520aR R Rl o PR ForlBftkat TRy IR yhPe e EdRbG BECP

st r engt for prieey. tTIRShal 1dsx 8p werb4oadiRtedhoWe BIICThAd kabdssule@/f 0000 péie The
conpressive strength data is also shown graphically in Figure 6. Table
14- ConpHeiddpspelies Watsytand sheotogiesd PEopsHicyaEe lited {Qr cgeh exammie it tablea8@nd $. f or
exanpl ebgﬁware seen in Table 15, below. Table 15-Static Gel Strength of
Exanpl e 1t can be seen fromthe strength and thickening data that the
cenment has good setting

10 Table 8-Rheology and Fluid Loss Data for Example 53
Test . .
Temperature Plastic Y“.:ld Free Fluid
Example (°F) Viscosity Point Water Loss
(1b/100 sq. o (ml/30
(cps) ft) (%) min)
53 80 315 25 - -
120 225 5 1.6 22
Table 9-Rheology and Fluid Loss Data for Example 54
Test . Yield API Fluid
Temperature l.’lastl.c Point Free Loss
Example CF) VISCOsity | 1p100sq. | VAT | (30
(eps) 6) (%) min)
54 80 282 18 - -
168 138 1 1.6 85

Examples 53 and 54 were also tested for thickening time, compressive strength and static

15 gel strength.

The thickening time conditions for Example 53 are listed in Table 10, below.

20

Table 10
Condition Time Pressure Temperature
(min) (psi) CF)
Initial 0 760 80
Final 37 6000 120

The thickening time for Example 53 was 4 hours and 42 minutes to 70 Bc. The

thickening behavior of Example 53 is illustrated in Figure 3.




characteristics. For exanple, Figs. 3 and 5, illustrate that the thickening
times of the inventive slurries are in a desirable range of about 3 to 5
hours. | nwoheosomsesof exanple 54, a retarder was added toTiUse00SloRgO6Y t O

i ncrease the thickening time at high 3enperatures. Additionally, Figs. 4
and 6 illustrate the strength properties of the slurries. As can be seen
fromthose figures, the inventive slurry solidifies relatively fast. The
500 psi mark (generally where the cenent is considered strong enough to
resunme drilling activity) is achieved in about 8 hours for Exanple 53 and

in about 10 for. Exanpl e 54 Wil e the | ' been il d
i n connect | opt e R eu B AFRE andettl o Rl T UARY IR TR MR B

t he spigjﬂdtisglmim&gﬁFEic@Iﬂyﬁﬂﬁ wreention will be readily apparent to those of
skill in the art. In ViEM/O? t he foregoing di scussion, rel evant know edge

in the art and references di scussed above in connection with the Background
and 5!Z)et ail ed Descripti Onl?a,biehﬁ-.ébﬁl%*egﬁ% gﬁex?;{th\%@ﬁ%&;&%%.%al | i ncorporated
hereéin by reference, furthier description 1S _deened unnecessary. WHAT | S
CLAIMED I'S: 1. An aqupousCemipeessiveat e |f or hydrBimé C cenmenf conprising: i) a
pol yvinyl al cohol res|n hagtigigéh chardcteri s{lug:Minycosity|in the range of
fromabout 1 cps to apout 25(I;ggs; and jii) a fluid [oss antliorating
co-resin sel ected fromsutfonyg acid-flunctionakijged resing, wherein the
total resin content of—the bﬁtgb“tldt S betv§%% about—10 and 40 percent
by wei ght, and wher ei pthe—eppcentrate—has—a—v %?uSEty i the range of from
about 10 cps to about 1‘:,;900216‘4 s—at 200C— 2. Concentrate of claim 1,
wherein the sul fonic acid-f % onalized co-r e conprises the residue of
2-acryl am do- 2- net hyl propyl sulfonic acid (AWPS). 3. The concentrate of

havi ng. br edoRrhaRtT o7 SErRR Uy 1L TR R ERE Tt 2 copolyT™!

Table 12-Static Gel Strength of Example 53

Static Gel Strength Time
(1b/100 sq. ft.) (hr:min)
75 5:29
100 5:44
250 6:06
500 6:24
750 6:32
1000 6:38
1200 6:42
10
The slurry of Example 54 was tested for thickening time under the following temperature
and pressure conditions:
Table 13
Condition Time Pressure Temperature
(min) (psi) CE)
Initial . 0 1000 80
Final 48 9500 168
15

The thickening time for Example 54 was 3 hours and 12 minutes to 70 Bc. The

thickening properties of Example 54 are illustrated in Figure 5.



4. The concentrate of claim1, wherein the sulfonic acid-functionalized
co-resin is a copol yner having predom nantly AMPS nononmer units. 5. The
concent r ave 20d6/2Batsm 1, wherein the sul foni c aci d-funct ipomaisc@s@mes+ r esi n
is a copolyner which includes the resisdues of N, N-dirnethylacryl am de
(NNDVA) and AMPS. 6. The concentrate of claim5, wherein the copol yner
conprises fromabout 60 to 99 wei ght percent AMPS nononer units and from
about 1 to 40 wei ght percent NNDVA nononer units. 7. The concentrate of
claim1, wheFkd eompresgivd spengthl prepesiddscil Bresiple Jfoare shamaindbe éablsbdlewyildeosi ty

in the range of from about cps to abo 15.. .-8. The concentrate of
claim 1?°r‘i}ﬁ85rsé‘ferﬁtlieﬂgﬁ“p(§$ iaﬁgffls %‘f’%gﬁgﬁlcg@‘é%ﬂﬁlﬁ%@e% characteristic viscosity

in the range of fromabout 3 to about 10 cps. 9. The concentrate of claim
1, wherein the polyvinyl alcohol resin has a characteristic viscosity in
the range of from about Eebihki-Cemprassive ptrepath of Bxampls Sdoncentrate of clai m
1, wherein the pol yvi nyl—g@cohoi-Tesim s fromrgabout—80percent to about 95
percent hydrol yzed based g%“ﬂ%%%@%nyl acetate‘ggﬁ%ner content. 11. The
concentrate of claim ], wheStedupth he pdl yvi nylhat@iphol resin is from about
84 percent to about 90 percent hydrolyzed based on pol yvi hyl acetate
nononer content. 12. The cont®htrate df claim 1, wherein the pol yvi nyl

al cohol resin is fromabout—8, percent] to abouh.n.39 percent hydrol yzed based
on pol yvinyl acetate pononer content. 13. The concentrate of claiml1,
wherein the pol yvinyl |al cohols06esin ig derived(itm pol yvinyl acetate
honmopol yner. 14. The } ; } pvei ght ratio of

pol yvi nyl al cohol resin to std¥oni ¢ adi d-functiZ¥hl i zed co-resin is in the
range of from about 1ri—to =i gt 2071715 2 of claim1,
wherein the weight ratio of polyvinyl |al cohol Tésin to sulfonic

aci &-functionalized co-resinis in the range of fromabout 2.5:1 to about
10: 1.

f

The static gel strength results for example 54 are seen in Table 15, below.

Table 15-Static Gel Strength of Example 54

Static Gel Strength Time
(1b/100 sq. ft.) (hr:min)

75 6:00

100 6:16

250 6:48

500 7:15

750 7:32

1000 7:46

1200 7:56

10 It can be seen from the strength and thickening data that the cement has good setting

characteristics. For example, Figs. 3 and 5, illustrate that the thickening times of the inventive
slurries are in a desirable range of about 3 to 5 hours. In the case of example 54, a retarder was
added to the slurry to increase the thickening time at high temperatures. Additionally, Figs. 4
and 6 illustrate the strength properties of the slurries. As can be seen from those figures, the

15  inventive slurry solidifies relatively fast. The 500 psi mark (generally where the cement is
considered strong enough to resume drilling activity) is achieved in about 8 hours for Example

53 and in about 10 hours for Example 54.



16. The concentrate of claim 1, wherein the weight ratio of polyvinyl

al cohol resin to sulfonic acid-functionalized co-resinis in the range of
from abouwo2nds/2e47about 10: 1. 17. The concentrate of cl acmuk2oostesoes n t he
wei ght ratio of polyvinyl alcohol resi’n to sul fonic acid-functionalized
co-resin is in the range of fromabout 4:1 to about 8:1. 18. The
concentrate of claim1, wherein the weight ratio of polyvinyl alcohol resin
to sulfonic acid-functionalized co-resin is in the range of from about 5:1
to about 7:1Whilg thaohweniéorcieastbeen Blustiated Wi qpnncctignevidi sevelabexaomaes, r esi n
content jis.dn.the r of f a 15t 0 l.ght .percent . 20.
The. conBenifeidmge ERERshotel AP bride el uPOO U e SR BN PR e ange
of fromuysdaedt tolfhosdel sk iethghit. Peviedil the2bregbhey dissiesioh, rale@ar®kn6wRidge in

wherein the viscosity of the concentrate is .in the range of from about 100
cps to Bw@Handzelsorcepdisaissesiaghove prconterion yiuthe Baelergpndang Igtailedyner ei n

the yis I f LSa1i : . o]
about 10005t B:E IR IR OLAALE skl febrpret SISl by O it Pl
Vi scosi tsydeefed henecossesnt rate is in the range of fromabout 1,000 cps to
about 8,000 cps at 2Q0C. 24. The concentrate of claim1l, wherein the

pol yvi nyl al cohol resin and the sulfonic acid-functionalized co-resin are
substantially fully dissolved. 25. The concentrate of claim| wherein the
pol yvi nyl al cohol resin is provided to the aqueous concentrate in fine
particulate form wherein the particulate resin is of a size such that at
| east about 99 % of the resin passes through an 80 nesh sieve. 26. The
concentrate of claim1l, further conprising a biocide. 27. Aresin blend as
a fluid loss additive for hydraulic cenent conprising: i) a polyvinyl

al cohol resin having a characteristic viscosity in the range of from



about 1 cps to about 25 cps; and ii) a fluid |oss aneliorating co-resin

sel ected from sul fonic acid-functionalized resins,wherein the pol yvinyl

al cohol rweiznoa/r3gsesent in an anount of at |east threeprtirmssoshesoanount of
sul fonic acid-functionalized co-resi m8by weight, and wherein the resin
blend is effective to inpart an APl fluid | oss of |ess than about 50 m /30
mn at 1700F and 1,000 psi to a standard seawater cenent slurry, when
present therein in anounts of |less than 1.5% bwoc. 28. The resin blend of
cl ai m 2WHARES §ilpivIED Bbend is effective to inmpart an APl Fluid Loss of

| ess than abg.ut 3Qm /30 m n to.a standard seawater

cenent slurr aﬂ]’l%ouéﬁfm%eﬁlg?tg lilyghaa%u %‘gmgqfonfpélsslsngt han 1.5 % bwoc. 29.

The resin bl gnd ofp 51Iyah?| ZéohoMedihavitid e ceid@diistic aidcosinf inid &yt frahcohol
resin to sulfonic acid-functionalized co-resin is in the range of from

about 3about § captaabopt2icpszend The resin bl end of claim27, wherein the

wei ght ratio..of p i zed
co-resinis |ﬁ thgkﬁflﬁ(:ﬁinlgge(4 orﬁélfor %ﬁ]{ga Oet% lﬁgé@d{% %hfog{g %% agfim{ %ﬁﬁﬁrﬁ@%%des‘ n

bl end ofestlkai m 27, wherein the wei ght ratio of polyvinyl alcohol resin to
sul fonic aC|d functlonallzed co-resin is.in the range of, from about 4:1 to

about 1Whereimthe tofplgesip sppfen] ofiihe eqncem%twi??twmﬁe#e? Gand ARenegeet ‘P%’t"’?kghbf
pol yvi ngAdf\%l&eﬁghe Eﬁfc'eﬂuéteﬁﬁé m&sﬁﬁ@ﬂfé &%%Qif'tﬂm‘%&ﬁqo%ﬁs {8l 150dg the

range o rom about 4:1 to about e resin blend of claim27,
wher ei ncpshee 20%5.ght rati o of polyvinyl alcohol resin to sulfonic

i d-functiopal i ' th bout
T 30 A har auThe SomEnee of B LoofirRafng Mosse G PRty R 1 om
about Oee’)n'?;’pr/@ebMeh@u@@@%cr@la@nﬂ@@%&hﬁfxo%@l MitfoRid acad gqh K).resin which has

a characteristic viscosity of from about to about 2
3. The concentrate of claim 1, wherein the sulfonic acid- functlonahzed co-resin is a

copolymer having predominantly monomer units with sulfonic acid groups.
4. The concentrate of claim 1, wherein the sulfonic acid-functionalized co-resin is a

copolymer having predominantly AMPS monomer units.

5. The concentrate of claim 1, wherein the sulfonic acid-functionalized co-resin is a
copolymer which includes the residues of N,N-dimethylacrylamide (NNDMA) and AMPS.
6. The concentrate of claim 5, wherein the copolymer comprises from about 60 to

99 weight percent AMPS monomer units and from about 1 to 40 weight percent NNDMA
monomer units.

7. The concentrate of claim 1, wherein the polyvinyl alcohol resin has a
characteristic viscosity in the range of from about 2 cps to about 15 cps.

8. The concentrate of claim 1, wherein the polyvinyl alcohol resin has a
characteristic viscosity in the range of from about 3 to about 10 cps.

9. The concentrate of claim 1, wherein the polyvinyl alcohol resin has a
characteristic viscosity in the range of from about 5 cps to about 7 cps.

10.  The concentrate of claim 1, wherein the polyvinyl alcohol resin is from about 80
percent to about 95 percent hydrolyzed based on polyvinyl acetate monomer content.

11.  The concentrate of claim 1, wherein the polyvinyl alcohol resin is from about 84
percent to about 90 percent hydrolyzed based on polyvinyl acetate monomer content.

12.  The concentrate of claim 1, wherein the polyvinyl alcohol resin is from about 87

percent to about 89 percent hydrolyzed based on polyvinyl acetate monomer content.



d) from about 0.025 % bwoc to about 1.0 % bwoc of a fluid | oss aneliorating
coresin selected fromsulfonic acid-functionalized resins; e) optionally,
from abouwoQo&l102%47ewoc t o about 0.4 % bwoc of a retar dercTarsdoos) 29064
optionally, from about 0.05 % bwoc t ®9about 0.4 % bwoc of an extender,
wherein the cenent slurry exhibits an APl fluid | oss at 17C0F and 1, 000 psi
of less than about 50 m /30 mn. 35. The cenent slurry of claim34, wherein
the sul fonic acid-functionalized co-resin is present in an anmount ranging
from about 0135 oFbewancewrapolielaim b, whasoiodhaeplymae aechohtosy igdegpvegsfrethai m
34, wherein the | f oni c [ d-functionalized co-resin is present in an
anount }?@X‘Gﬂgac]@%gen?o%%ﬁlﬁﬁ&lo % bwoc to about 0.35 % bwoc. 37. The cenent

slurry of cl gd.m 3%he vhigegidie bhelaipoll ywhdiyih tad weifanl ratie oif polysingt &86H] résin &N
anount rangi ng from about 0.75 % bwoc to about 2.0 % bwoc. 38. The cenent

sl urry @ffogicacid-Bmctipdized po-rosi s theyangeralfeam aRnnl i lsleebpwicit hbout 0. 25 %
bwoc to ab Outi%g' Orfia pd’l\ﬁgntgefte 8f gb?rg g{ @gé?%in tl?eg\zv%ignfaraﬁg %?@élggilng[ irilﬁ%l?c{% _F‘ééir?{om

38, wherein di spersant Is se rom group
cal ci umdifogivosid-fimedbesized ed-gesiaip lit thel remge FWtdhoalatue2,5: 5l dbonat@®@d. nmel am ne

f or mal dehyde condensat es,. | yaspart at es, sadi um naphi hal ene sul fonate

f or mal déhy %ﬁa@f?g%?@wg Prigher Adbaysightago BORGR Agptor s erBRp ! ur y
of cl ai fpi@%ncfBesISd cbh&isisSRMSAREe biStrdin 806litUM RABBLNA):ene sul fonate

f or mal dehyde condensate resin. 41. The cenent slurry of claim 38, wherein

the slurry htd a Ghspecesimte Dﬁclpi@i ywiigreinahewhight ratis iof pokyivigiyt alcehdl oesid tof r om
cenent wherein the

I T N T e s LR
about 0.5:1 i® abord cohcbntiate 48clailh €, WRIBIAthSWHighyrafb of ballyMingHalcylig k&idtd he
cenment slurry exhibits an APl Fluid

sulfonic acid-functionalized co-resin is in the range of from about 5:1 to about 7:1.

19.  The concentrate of claim 1, wherein the total resin content is in the range of from
about 15 to about 30 weight percent.

20.  The concentrate of claim 1, wherein the total resin content is in the range of from
about 15 and 25 weight percent.

21.  The concentrate of claim 1, wherein the viscosity of the concentrate is in the
range of from about 100 cps to about 12,000 cps at 20°C.

22.  The concentrate of claim 1, wherein the viscosity of the concentrate is in the
range of from about 500 cps to about 10,000 cps at 20°C.

23. The concentrate of claim 1, wherein the viscosity of the concentrate is in the
range of from about 1,000 cps to about 8,000 cps at 20°C.

24.  The concentrate of claim 1, wherein the polyvinyl alcohol resin and the sulfonic
acid-functionalized co-resin are substantially fully dissolved.

25.  The concentrate of claim 1, wherein the polyvinyl alcohol resin is provided to the
aqueous concentrate in fine particulate form, wherein the particulate resin is of a size such that at
least about 99 % of the resin passes through an 80 mesh sieve.

26.  The concentrate of claim 1, further comprising a biocide.

27.  Aresin blend as a fluid loss additive for hydraulic cement comprising:

1) a polyvinyl alcohol resin having a characteristic viscosity in the range of from
about 1 cps to about 25 cps; and

1) a fluid loss ameliorating co-resin selected from sulfonic acid-functionalized

resins,



Loss at 17Q0F and 1,000 psi of |less than about 30 mM /30 mn. 44. The cenent
slurry of claim 34, wherein the cenent slurry exhibits an APl Fluid Loss at
110F and wpQ0es/qps4i7sof | ess than about 25 m /30 m n. 45. pCrasc@swedoss!| urry
of claim 34, wherein the cenent slurr4 exhibits an APl Fluid Loss at 110F
and 1,000 psi of less than about 15 m /30 mn. 46. The cenent slurry of
claim34, wherein the slurry exhibits a plastic viscosity of |ess than
about 250 cps at H QOF. 47. The cenent slurry of claim 34, wherein the
sl urry exhi biwherem thé aslyviylalsclod r¢sin isrpreshet inangmouohit eflao least3hree psndsshabout
200 cps at H COF.. 48. .The cenent .slurry, of claim 34, wherein e.slurry has
2y of BT PH TG A ERIRES R SEsuteY Befebtah M hePToblBg Tt ¢ ot
QOF.  49%¢rclhee Gimmt s APT Hui@loss lbRlddd Bhn aWBRISIAY/3NRirSAt U0 msh@owg kéla
point in the range of fromabout O to about 12 |bs/ 100 sq.ft at H OOF. 50.
The cenwmidasd spamptencerbntisrg when presem thareindn amoyntephleps thend. 5% bwooat er
val ue of |ess than about 10 % at 1700F.51. The cenent slurry of claim 34,
wherein the slurry exhibits a free water val ue of |ess than about 4 % at
17Q0F. 52. Tp® ceTBdtesklBléddyofRiaisl 2, Wharkin e ®leidns éffietivBteimpast AEAPDPPIuzEd
wat er. 53. The cenent slurr%2 of claim 34, wherein the water is fresh water.
|

54. Theleswikass dhanabguicOnd(3qiminzd 1 70lendi L0 00rsi e dandaxd scawisr esmes. The
cenent hsgﬁlg%r‘yé}as%gqrggeﬁ{ﬁg%ﬁicm&@%(;fg%s%e“b/§b Line. 56. Cement f or ned

fromt arry arm n a nmethod of making a hydraulic
cenent sl urr39.exhiThe tesimghlereichfetdmfd 7y mdetensthe weglt vationgf polyerist] @efrholf resin

o5 iR CE Y SR A e HBRaR EHunfanb b g g S1 o ot 2017 TS
30. The resin blend of claim 27, wherein the weight ratio of polyvinyl alcohol resin to sulfonic
acid-functionalized co-resin is in the range of from about 3:1 to about 10:1.

31. The resin blend of claim 27, wherein the weight ratio of polyvinyl alcohol resin
to sulfonic acid-functionalized co-resin is in the range of from about 4:1 to about 10:1.

32.  The resin blend of claim 27, wherein the weight ratio of polyvinyl alcohol resin
to sulfonic acid-functionalized co-resin is in the range of from about 4:1 to about 8:1.

33.  Theresin blend of claim 27, wherein the weight ratio of polyvinyl alcohol resin

to sulfonic acid-functionalized co-resin is in the range of from about 5:1 to about 7:1.

34. A hydraulic cement slurry comprising:
a) water;
b) cement;

c) from about 0.25 % bwoc to about 5.0 % bwoc of polyvinyl alcohol resin which
has a characteristic viscosity of from about 1 to about 25 cps;

d) from about 0.025 % bwoc to about 1.0 % bwoc of a fluid loss ameliorating co-
resin selected from sulfonic acid-functionalized resins;

e) optionally, from about 0.01 % bwoc to about 0.4 % bwoc of a retarder; and

1) optionally, from about 0.05 % bwoc to about 0.4 % bwoc of an extender,

wherein the cement slurry exhibits an API fluid loss at 170°F and 1,000 psi of less than
about 50 ml/30 min.

35.  The cement slurry of claim 34, wherein the sulfonic acid-functionalized co-resin

is present in an amount ranging from about 0.05 % bwoc to about 0.5 % bwoc.



i) preparing a cenent slurry; ii) providing an aqueous concentrate having
fromabout 70 to 85 wei ght percent water, and from about 15 to about 30

wei ght pewoendé/m47a pol yneric fluid | oss conposition whipch/ussoswbssanti al |y
fully dissolved in the water, wherei it he aqueous concentrate has a
viscosity of |less than about 12,000 cps at 2Q0C, and iii) conbining the
aqueous concentrate with the cenent slurry, wherein the cenent slurry
exhibits an APl fluid |loss of |ess than about 50 mM /30 min at 17CQ0F and

1, 000 psi. 586. Thdhewpmenmeherntofofainl 3, mhsEin thesnkomc atid-foestionelizadiporigsinas a

| astic.viscosity of |ess than abput s at Fre 29.. The inprovenent
gf cl :'B.i ?ﬁvllg?s,enﬁi‘?e%ar%owﬁéan@&ﬁqm gg}’r@éﬁ%@?@@? QP(HJ%O‘%SW?’%WPCI heI ?gng\é of
from about 03%7bs/ ¥00 ce@entlsturryt 6 dRLE4, Whetdnsthb@R1ySAhyl klcoRd] rbbiPH prefQs inThe

i nprovenment of claimb57, wherein the slurry exhibits a free water val ue of
| ess t hamampwuiiranging dogt abprtDEs Yehwodteationp? 8Vehene. of claim 57, wherein

the cenment shLyrry-exhihi i N |k f about -6 hour
when neasureggaccgﬁapégaﬁ§h§mé?g% §$%h§%%%%§F%Sﬂg§ﬁﬁgﬁgﬁgﬁﬁgﬁg%%%%g}gy re
of 12000.281% bavot itm aboyp BeEERB v calf aGligeapisi . 62. The inprovenment of claim
57, wherein the cement slurry exhibits thickening tinme in the range of
about 3 hourd%to iﬂi@ﬁ?msntﬁi}myso VAR %wiﬁwéaﬁlaéwpﬁﬁwds s%e%eifratﬁdh@ group

hedul d a5 knd 1 [ - af 6, 000
; (s:i _663,_ 8%—'&25\{’?1 Sracdibig 11§x§)‘§ﬁél rﬁ’éééﬁ?eté’%fﬁe%?éée?ﬁ&oﬁt&l ﬁf}fon efl Trdfdrhind

rovenent © almbs7, e cenent exhibits a
conpr es firreldehydngnidendateS Opghgdspantatése salivh amplitbalbhousudfonkte fommerddalydel at a
tenperature of 1970F %nd. ressure of 9,500 psi. 64. The inprovenent of
cl ai m 55N HE! d@ﬁgq{%tgﬁlﬁf’%i ts a conpressive strength of 500 psi in

l'ess than 11hour s ThBeamBRankES Mim®BJ VBRI despeisakdd DEoARe RApRLERAT €

sulfonate formaldehyde condensate resin. |

41.  The cement slurry of claim 38, wherein the slurry has a dispersant to polyvinyl
alcohol resin weight ratio of from about 0.5:1 to about 3.5:1.

42,  The cement slurry of claim 38, wherein the slurry has a dispersant to polyvinyl
alcohol resin weight ratio of from about 0.5:1 to about 1.5:1.

43.  The cement slurry of claim 34, wherein the cement slurry exhibits an API Fluid
Loss at 170°F and 1,000 psi of less than about 30 ml/30 min. |

44.  The cement slurry of claim 34, wherein the cement slurry exhibits an API Fluid
Loss at 110°F and 1,000 psi of less than about 25 m1/30 min.

45.  The cement slurry of claim 34, wherein the cement slurry exhibits an API Fluid
Loss at 110°F and 1,000 psi of less than about 15 m1/30 min.

46.  The cement slurry of claim 34, wherein the slurry exhibits a plastic viscosity of
less than about 250 cps at 110°F. .

47.  The cement slurry of claim 34, wherein the slurry exhibits a plastic viscosity in
the range of about 50 cps to about 200 cps at 110°F.

48.  The cement slurry of claim 34, wherein the slurry has a yield point in the range of
from about 0 to about 16 1bs/100 sq.ft at 110°F.

49.  The cement slurry of claim 34, wherein the slurry has a yield point in the range of
from about 0 to about 12 1bs/100 sq.ft at 110°F.

50. The cement slurry of claim 34, wherein the slurry exhibits a free water value of

less than about 10 % at 170°F.



of 9,500 psi. 65. The inprovenent of claim57, wherein the cenent exhibits
a zero gel tinme in the range of 3 to 7 hours when neasured at a tenperature
of 1970F wodo@/qpsgssure of 9,500 psi. 66. The inprovenercTaS2esacvsb7,
wherein the cenent exhibits a transit42on time of |less than 1.5 hours when
neasured at a tenperature of 1970F and a pressure of 9,500 psi. 67. The

i nprovenent of claim57, wherein the cenent exhibits a transition tinme of

| ess than 1 hour when neasured at a tenperature of 1450F and a pressure of
6, 000 psi. 681 | nThesempidlusty efedtdimg 4 Whprsimtheisbirtyebittitssl fogerwatencrilid of ng

reduced i S o/l ing the steps of slurrying a hydraulic cenent
conposi %e{s%)kﬂa%a%ﬁuﬁm% Oe#?%gl%ld adm xing a fluid |loss additive therewith; the

i nprovenent 62npr iThk Bement)slpiyedfaldimg 4 whersnthe SYawriy de-idnizedaiéMi Ng a
pol yvinyl al cohol resin with the cenment slurry, wherein the polyvinyl
al cohol " r esi A>has T8¢ EHBFHEIER Ghclamdds sdereiy the watgrds frgsigwater. from about 1

cps to about 525 c é'caﬂ&tisg{?%fnég%%g@%h -eﬁﬂfﬁie‘évaké%ﬁfﬁe%%{e&ma“ ng co-resin

sel ected from sul foni ¢ aci irzed resins w the cenent slurry in
an anount | e§8. t hdhe tteemsbuntofefaimaldywheryin thd walenls trggi n, wherein the

cenment slurry_exhibits an fluid.lpss at [ 17Q0F and 1, 000 psi of |ess
t han about 556'n1 / %ﬁlﬁ‘p .Ont(‘flLr‘?*ﬁ‘éH? ﬂ‘d?%@%ﬁféé%g?'di ng to claim68, wherein
the pol yvi nyk7.al coli9nefiRiof ndikéhl I8y catlifcQRen Aty Eﬂﬁsﬂﬁhg?@dubﬁ@ﬂuﬁ%éses' n
are conbined with the cement slurry by adding the resinsTto the cement nmix
wat er . gluditgsthe sispe obstemying e douiutig cerentlcainpoB8on fvithtvater, arahguiniisinga fluid
combi ni [5s gdcﬁﬁxllel f“rllleroe%velth(;ﬁ{el ih/q%%v\é%em (Eorr]nl;[rps?ng(::enent shurry.
1) preparing a cement slurry;
ii) providing an aqueous concentrate having from about 70 to 85 weight percent
water, and from about 15 to about 30 weight percent of a polymeric fluid loss composition
which is substantially fully dissolved in the water, wherein the aqueous concentrate has a
viscosity of less than about 12,000 cps at 20°C; and
1i1) combining the aqueous concentrate with the cement slurry,

wherein the cement slurry exhibits an API fluid loss of less than about 50 ml/30 min at

170°F and 1,000 psi.

58.  The improvement of claim 57, wherein the cement slurry has a plastic viscosity
of less than about 200 cps at 110°F.
59.  The improvement of claim 57, wherein the cement slurry has a yield point in the

range of from about 0 1bs/100 sq. ft. to about 16 1bs/100 sq. ft at 110°F.

60.  The improvement of claim 57, wherein the slurry exhibits a free water value of
less than about 4.0 % at 170°F.
61.  The improvement of claim 57, wherein the cement slurry exhibits a thickening

time of less than about 6 hours when measured according to a standard schedule having a final
temperature of 120°F and a final pressure of 6,000 psi.

62.  The improvement of claim 57, wherein the cement slurry exhibits a thickening
time in the range of about 3 hours to about 5 hours when measured according to a standard

schedule having a final temperature of 120°F and a final pressure of 6,000 psi.



71. The inprovenent according to claim70, wherein the cellul ose derivative
i s hydroxyethyl cellulose.72. The inprovenent according to claim70,

wher ei n twe 20@ld2sd7ese derivative i s carboxymnet hyl hydr oxyetrtyskoosebdoes ose.

73. The inprovenment according to clai4h 68, further conprising the step of
conbining a weighting agent with the slurry. 74. The inprovenent according
to claim68, further conprising the step of conbining a retarder with the
slurry. 75. The inprovenent according to claim®68, further conprising the
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67.  The improvement of claim 57, wherein the cement exhibits a transition time of
less than 1 hour when measured at a temperature of 145°F and a pressure of 6,000 psi.

68.  In amethod of making a hydraulic cement slurry exhibiting reduced fluid loss,
including the steps of slurrying a hydraulic cement composition with water, and admixing a fluid
loss additive therewith; the improvement comprising:

1) preparing a cement slurry;

ii) combining a polyvinyl alcohol resin with the cement slurry, wherein the
polyvinyl alcohol resin has a characteristic viscosity in the range of from about 1 cps to about 25
cps; and

1ii) combining a fluid loss ameliorating co-resin selected from sulfonic acid-
functionalized resins with the cement slurry in an amount less than the amount of polyvinyl
alcohol resin,

wherein the cement slurry exhibits an API fluid loss at 170°F and 1,000 psi of less than
about 50 ml/30 min.

69.  The improvement according to claim 68, wherein the polyvinyl alcohol resin and
the sulfonic acid-functionalized co-resin are combined with the cement slurry by adding the
resins to the cement mix water.

70.  The improvement according to claim 68, further comprising combining a
cellulose derivative with the cement slurry.

71.  The improvement according to claim 70, wherein the cellulose derivative is

hydroxyethyl cellulose.
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72.  The improvement according to claim 70, wherein the cellulose derivative is
carboxymethylhydroxyethyl cellulose.

73.  The improvement according to claim 68, further comprising the step of
combining a weighting agent with the slurry.

74.  The improvement according to claim 68, further comprising the step of
combining a retarder with the slurry.

75.  The improvement according to claim 68, further comprising the step of
combining an extender with the slurry.

76.  In a method of producing oil or gas from subterranean wells, including the steps
of slurrying a hydraulic cement composition with water, admixing a fluid loss additive therewith
to make a cement slurry exhibiting reduced fluid loss, and cementing a casing string in a
wellbore by pumping the cement slurry down the wellbore and into the annulus between the
casing string and an exposed borehole wall; the improvement comprising the steps of

1) preparing the cement slurry;

ii) providing a fluid loss additive in the form of an aqueous concentrate having a
total solids content ranging from 10 % to 30 % and a viscosity of less than about 15,000 cps,
wherein the aqueous concentrate contains polyvinyl alcohol resin having a characteristic
viscosity of from about 1 to about 25 cps and a fluid loss ameliorating co-resin selected from
sulfonic acid-functionalized resins;

iii)  combining the fluid loss additive with the cement slurry; and

iv) cementing the casing string with the slurry.

77.  Oil produced with the improvement of claim 76.

78.  Gas produced with the improvement of claim 76.



