Office de la Propriete Canadian CA 2030489 C 2003/04/01

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 030 489
g'rn(c)iL%?r?(iesgaenada ﬁrgijgt?;%/aa;da (12) BREVET CANADIEN
CANADIAN PATENT
13) C
(22) Date de depot/Filing Date: 1990/11/23 (51) CL.Int.>/Int.CI.° E21B 33/14
(41) Mise a la disp. pub./Open to Public Insp.: 1991/05/28 (72) Inventeurs/Inventors:
£ 1; _ WILSON, WILLIAM N., US;
(45) Date de deéelivrance/lssue Date: 2003/04/01 BRADSHAW ROGER D. US:
(30) Prioritée/Priority: 1989/11/27 (07/441,853) US WILTON, BONSALL S.. US

CARP _NTER ROB_RTB US

(73) Proprietaire/Owner:
ATLANTIC RICHFIELD COMPANY, US

(74) Agent: OSLER, HOSKIN & HARCOURT LLP

(54) Titre : FLUIDES TAMPON
(54) Title: SPACER FLUIDS

(57) Abrége/Abstract:

Spacer fluids providing an effective buffer between drilling fluids and cement slurries during well completion. The spacer fluids
comprise a sulfonated styrene copolymer dispersant and one or more additional components such as surfactants, viscosifiers
and weighting materials to form a rheologically compatible fluid between the drilling fluid and the cement slurry.

e

T N §.
.l.!.\‘\-c.c..--.
. T

3 '_{,-.T'l'.
o~

C an a d a http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




SPACER FLUIDS
ABSTRACT OF THE DISCLOSURE

Spacer fluids providing an effective buffer between
drilling fluids and cement slurries during well

completion, The spacer fluids comprise a sulfonated
styrene copolymer dispersant and one or more additional
components such as surfactants, viscosifiers and weighting

materlals to form a rheologically compatible fluid between
the drilling fluid and the cement slurry.
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SPACER FLUIDS

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention pertains to fluids for use in
the drilling and completion of oil and gas wells, More
specifically, the present invention relates to fluids
which form a buffer between and prevent the mixing of
various fluids used in the drilling and completion of oil

and gas wells. The fluids will be hereinafter referred to
as "spacer fluids".

Description of the Prior Art

In rotary drilling of wells, a drilling fluld is
usually circulated down the drill string and back up the
annulus between the drill string and the wellbore face.

The drilling fluid can contain many different chemicals,
but will most often contain a viscosifier, such as
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bentonite. When a casing string or liner is to be
cemented into the wellbore, any drilling fluid and
remnants of the viscosifier present in the wellbore are
preferably removed to aid the bonding of the cement
between the casing string or liner and the wellbore. In
removing this drilling fluid from the wellbore and to
clean the annulus, a wash or spacer fluid can be
introduced ahead of a cement slurry.

Spacer fluids are conventionally used in cementing
operations related to well completion in the following
manner. Drilling fluids and cement slurries are typically
chemically incompatible £fluids which undergo severe
gelation or flocculation if allowed to come into contact.
Thus, drilling fluid must be removed from the wellbore
annulus immediately prior to cement slurry placement.

Spacer flulds are pumped between the drilling fluid and
the cement slurry to form a buffer and prevent the
drilling fluid and the cement slurry from coming into
contact,

Spacer flulds should also possess certain
rheological tendencies, such as turbulent flow at lower
shear rates, which assist in granular solids removal and
which encourage the removal of the drilling fluid filter
cake from the walls of the well. Indeed, a common cause
of failure in primary cementing is the incomplete
displacement of drilling f£luids which results in the
development of mud filled channels in the cement. These
mud filled channels may be opened during well production
permitting the vertical migration of oil and gas behind
the casing.

Conventional spacer fluids are typically composed of
an aqueous bage fluid and a weighting agent. The
welghting agent is included in the composition to increase
the density of the spacer fluid to a desired value and to
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increase the erosion effect of the spacer fluid on the
filter cake clinging to the walls of the formation.

The fundamental properties of the agqueous base f£luid
are typically particle stability in suspension
(anti-settling properties), fluid-loss control, favorable
rheology, and compatibility with drilling fluids and
cement slurries. These properties are directly related to
the composition of the spacer fluid.

Consequently, conventional spacer base fluids
include at least: 1) an anti-settling agent; 1i) a fluid
loss controlling agent; iii) a dispersing agent; and iv) a
surfactant for obtaining a waterwetted surface to aid in
cement bonding. As noted above, the final composition of
conventional spacer fluids is obtained by adding a
weighting agent to the aqueous base fluid.

The anti-settling agent, fluid loss controlling
agent and dispersing agent may be constituted by a single
component of the composition or by plural components of
the composition. In addition, a single component may
function as more than one of the above-mentioned agents.,
The agents typically are soluble or dispersible in water.

Depending on the water available on site and on the
geological strata encountered, the agqueous base fluid
typically includes fresh water, sea water, brine, or an
agqueous composition containing one or more digsolved
salts, such as NaCl, KC1, Mg012 and CaClz. The spacer
pase fluid, however, must retain its above-mentioned
fundamental properties at all possible salt concentrations.,

Spacer fluids are conventionally used over a wide
temperature range spanning from the relatively cool
surface temperature to the bottom hole circulating

temperature (BHCT) which may reach 200°C or greater in the
case of geothermal wells.
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The term "anti-settling properties” refers to the
capacity of the spacer fluid to keep the weighting agent
particles in stable suspension throughout the cementing
operation which may typically last for 1 to 4 hours or
longer.

A spacer fluid is considered to have good fluid loss
control properties if the fluld loss measured according to
API Specification 10, Appendix F is less than
100 m1/30min, and excellent 1f the f£luld loss-is less than
50 ml/30min.

Favorable rheology of a spacer fluid implies that
the fluid has minimum friction pressure while maintaining
adequate suspension of solids. '

Since the spacer fluid is to be pumped between the
drilling £fluid and the cement slurry for removing and
replacing the drilling fluid in the well annulus, it is
very'important that the spacer £fluid be as compatible as
possible with both the drilling £luid and the cement
slurry. Such twofold compatibility in the past has been
quite difficult to obtain, primarily because the drilling
fluid and the cement slurry are incompatible fluids.

The compatibility of a spacer f£1luid with a drilling
fluid and a cement slurry is determined in the laboratory
by studying the viscosity of binary or ternary mixtures of
spacer f£luid with drilling fluid and/or cement slurry
varying over the range of 0 to 100% by volume for each
component of the mixture. '

The compatibility of the spacer £f£luid with the
drilling £luld and the cement slurry is considered to be
excellent if the viscosity of a mixture of the spacer
fluid and the drilling fluid or the cement slurry at a
given shear rate and temperature 1is equal to or less than
the viscosity of the more viscous component of the mixture
at the same shear rate and temperature. Likewise, the
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viscosity of a mixture of all three components 1is
considered to be excellent if it is less than or equal to
the viscosity of the most viscous component at the same
shear rate and temperature.

Conventional spacer compositions, however, do not
usually demonstrate good compatibility with mixtures of
drilling fluids and cements while simultaneously
presenting good rheological, fluid leoss controlling and
anti-settling properties over the entire range of shear
rates and temperatures normally encountered in oil field
services.

The present invention has been developed with a view
to providing improved spacer fluids that have enhanced
compatibility with drilling fluids and cement slurries,
that create and effectively maintain a buffer zone between
a drilling fluid and a cement slurry even when all three
components become commingled, and that enhance the bond

hetween the cement and the surfaces of the borehole and
casing.

SUMMARY OF THE INVENTION
The present invention provides limproved spacer

fluids which may be interposed between the drilling fluid
in the wellbore and either a cement slurry or a drilling
f1uid which has been converted to a cementitious slurry.
The spacer fluild serves as a buffer between the drilling
fluid and the cement slurry, and as a flushing agent to
ovacuate the drilling fluid from the wellbore resulting 1n
improved displacement efficiency regarding drilling fluid
removal and improved bonding of the cementitious slurry to

surfaces in the wellbore such as the casing or drillpipe
wall surfaces.

The spacer £luid of the present invention comprises
a sulfonated styrene copolymer dispersant and one or more
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additional components selected from surfactants,
viscosifiers and weighting materials to form a
rheologically compatible fluid between the drilling fluid
and the cementitious slurry.

The present inventilon also provides a method of
using the spacer fluid. In the method of this invention,
a spacer fluid which comprises a sulfonated styrene
copolymer dispersant is introduced into the wellbore, and
a completion fluid, such as a cement slurry, is introduced
to displace the spacer £fluid.

Those skilled in the art will further appreciate the
above described features of the present invention together
with other superior aspects thereof upon reading the
detailed description which follows.

DESCRIPTION OF PREFERRED EMBODIMENTS

The overall process of cementing an annular space in
a wellbore typically includes the displacement of drilling
fluid with a spacer fluid or preflushing medium which will
further assure the displacement or removal of the drilling
fluid and enhance the bonding of the cement to adjacent
structures. For example, it is contemplated that drilling
fluid may be displaced from a wellbore, by first pumping
into the wellbore a spacer fluid according to the present
invention for displacing the drilling f1luid which is then
in turn displaced by a cement slurry or by the drilling
fluid which has been converted to cement, for instance, in

accordance with the methods disclosed in U.S. Patent No.

4,883,125.
According to the present invention it has been

determined that sulfonated styrene-maleic anhydride
copolymer (SSMA), may be advantangeously included in
spacer fluids because it is a high charge density material
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that is capable of dispersing mixtures of drilling fluid
and cement slurry. Preferably, the sodium salt of SSMA is
included 1n the spacer fluids of the present invention.
Most preferably, the SSMA has a molecular weight of 5000
or less which products are commercially available as
NARLEX D-72™ from National Starch and Chemical Corporation
or SSMA 1000™ from Chemlink, Inc.

Thus, according to a first embodiment of the present
invention, the spacer fluid may comprise SSMA, dilution
water and water base drilling fluid as a viscosifier.
Preferably, the spacer fluid comprises 1.0 to 10.0 pounds
of SSMA per barrel of original drilling fluid based on a
42 gallon barrel (hereinafter 1lb/bbl).

The spacer fluid according to this first embodiment
could be advantageously utilized in cementing procedures

conducted 1in remote locations.
According to a second embocdiment of the present

inventicn, the spacer fluid comprises: (1) SSMA for
promoting compatibility between the drilling fluid being
displaced and the cement slurry following the spacer
fluid; (2) Portland cement to densify the spacer fluid and
to provide the fluid with weighting and cementitious
properties; and (3) a viscosifier selected from welan gum,
hydroxyethylcellulose (HEC), carboxymethylhydroxyethyl
cellulose (CMHEC), attapulgite, partially hydrolyzed
polyacrylamide (PHPA), sepiolite, bentonite, acrylimide,
acrylic acid, 2-acrylamido-2-methylpropane sulfonic acid
(AMPS) copolymers, polyvinylpyrrolidone (PVP), silicate
extenders and drilling fluid from the active mud system or

mixtures thereof.
The spacer fluid according to the second embodiment

of the present invention may include other conventional
cement property modifiers well-known to those of ordinary
skill in the art such as surfactants, retarders,
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dispersants, accelerators, extenders, densifiers, fluid
loss additives, and silica flour to stabilize the set
product above approximately 250°F,

Welan gum is a polymer made by an Alcaligenes
bacteria i1dentified as S-130. The chemical structure of

welan gum 1s disclosed 1n U.S. Patent No. 4,342,866.

The gum 1s a pseudoplastic, high efficiency

viscosifier that is tolerant to salt and calcium and is
more compatible with cementitious slurries than
conventicnal viscosifiers. The gum also imparts
substantial fluid loss control. In addition, welan gum
malintains a stable yield point across a broad temperature
range for improved solids suspension. The gum is

commerclally available under the trade name BIOZAN from
Kelco, Inc.

In addition to Portland cement, the spacer fluid
according to the second embodiment of the present
invention may include conventional weighting materials
such as barite or hematite to attain high density ranges
when desired.

The spacer composition according to the second
embodiment of the present invention (1) provides a buffer
zone between the drilling fluid being displaced and the
conventional cement slurry following the spacer fluid, (2)
enhances the bonding between the conventional cement
slurry and the surfaces of the borehole and casing, and
(3) sets to provide casing support and corrosion
protection. |

According to a third embodiment of the present
invention, the spacer fluid may comprise, in combination,
water, SSMA as a dispersant with or without anionic and/or
nonionic water wetting surfactants, and with or without
viscosifying materials such as HEC, CMHEC, PHPA,



-9- 2030489

bentonite, attapulgite, sepiolite and sodium gilicate and
with or without certain weighting materials such as
barite, hematite, 1llmenite and/or sand to form a
rheologically compatible medium for displacing drilling
fluid from the wellbore.

According to a fourth embodiment of the present
invention, the spacer fluid comprises SSMA, bentonite,
welan gum, surfactant and a weighting agent. Preferably,
the spacer £luid according to the fourth embodiment of the
praesent invention comprises a spacer dry mix which
includes: .

1) 10 to 50% by weight of S8SMA as a dispersant;

2) 40 to 90% by weight of bentonite as a

suspending agent; and
3) 1 to 20% by weight of welan gum as a
pseudoplastic, high efficiency viscosifier
tolerant to salt and calcium, available from
Kelco, Inc. under the trade name BIOZAN.
The spacer fluid also comprises:

4) 0.01 to 10.0 gal per bbl of aqueous base spacer
of an ethoxylated nonylphenol surfactant having
a mole ratio of ethylene oxide to nonylphenol
ranging from 1.5 to 15, avallable from GAF
under the trade name IGEPAL; and

5) Conventional welighting agents such as barite,

hematite and calcium carbonate to provide the
desired density., It is preferred that the

welghting agent be added to the spacer fluid in
an amount to give the spacer fluld a density at

least equal to or greater than the density of
the drilling £fluid and less than or equal to
the density of the cement slurry.
The spacer fluid according to the fourth embodiment
of the present invention is quite compatible with
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conventional drilling fluids and cement slurries. The
inclusion of SSMA provides good temperature stability to

1) The SSMA serves as a dispersant to provide
enhanced compatibility with drilling fluids and
cement slurries, and also as a stabilizer for
bentonite at high temperatures.

2) The welan gum works in concert with the
bentonite to provide the spacer £lui with the
capability of maintaining acceptable suspension
characteristics and fluid loss properties at a
broad range of temperatures.

3) At high temperatures the bentonite undergoes
controlled flocculation to provide long term
suspension capability as the welan gum degrades
in performance due to the high temperatures.

4) The primary function of the surfactant is a) as
a water wetting agent to provide a more
acceptable surface for cement bonding after
Sxposure to water or oil base fluids and b) to
provide spacer compatibility with water or oil
base fluids.,

5) The surfactant can also be selected to enhance
the gel structure formed by the bentonite
and/or the welan gqum.

The spacer fluid according to the fourth embodiment
of the present invention results in improved primary
cementing which in turn benefits external casing corrosion
protection, selective stimulation and zonal isolation of

producing formations thereby improving the water:oil ratio
of produced fluids.
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The spacer fluid according to the fourth embodiment

of the present invention acts as an effective buffer
between the drilling fluid and the cement slurry, promotes

good hole cleaning via turbulent flow, disperses mixtures
of well bore fluids to ensure compatibility, and leaves
the pipe and formation water wet to improve cement bonding.

The spacer fluid of the fourth embodiment may algo
include potassium chloride (KC1), sodium chloride (NaC1l),
calcium chloride (CaCl ), magnesium chloride (Mg01 ) .
quarternary ammonium salts, zlrconium oxy chlorldes and
other materials well known to those of ordinary skill in
the art to inhibit the swelling of fecrmation clays thereby
preventing damage. In such cases, the spacer fluid
preterably comprises about 3-5% by weight of water (BWOW)
of KCl. The inclusion of KCl in the spacer fluid of the
fourth embodiment makes the spacer fluld especially
sultable for use in wells that are known to experience
formation damage from fresh water in the well bore annulus,

Table 1 provides mixing information for 3 spacer
fluid according to the fourth embodiment of the present
invention. The spacer dry mix is prepared according to
the above formula and for the particular spacer fluids
1llustrated in Table 1 comprises about 33-34% by weight of
SSMA, about 62-63% by weight of bentonite and about 4-5%
by weight of welan gum. The sequence of addition of any
of the spacer mix components is not critical. In practice
the dry ingredients are preblended and bagged for easy

handling. The spacer dry mix should be hydrated before
adding weighting material. In Table 1 the abbreviation

'ppg" means pounds per gallon of the drilling fluid.
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TABLE 1
SPACER MIXING PROCEDURE
1 BBL BASE SPACER
SPACER L.BS
DENSITY SPACER GAL LBS
(ppg) DRY MIX WATER BARITE
Mﬁ e
9 22.8 39.6 23
10 21 38.1 79
11 19.2 36.6 135
12 17.3 35,2 191
13 15.4 33.7 247
14 13.6 32.3 303
15 11.8 30.8 359
16 10 29.3 416
17 8.7 27.8 471
18 7.3 26.3 527
19 5 24.9 582

B

To complete the spacer fluids represented in
Table 1, an ethoxylated nonylphenol surfactant material isg
added to the fluid, Ethoxylated nonylphenol surfactants
are made up of a hydrophobic component - nonylphenol and a
hydrophilic component - ethylene oxide. A series of
products with different hydrophobic - hydrophilic balances
may be generated by altering the ratio of ethylene oxide
to nonylphenol. The chemical structure of these
surfactants ig that of a polyoxyethylated nonylphenol,
which may be represented by the following formula:

CoH, gL~ 0 (CH,CH,0),_,CH,CH,OH
nonylphenol ethylene oxide
(hydrophobic) (hydrophilic)

where n represents the number of moles of ethylene oxids
per mole of nonylphenol.

The water solubility of these surfactants is
directly proportional to the value of n.
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ror example, to produce a completed water base
spacer fluid from the compositions represented in Table 1,
0.2 gallons of an ethoxylated nonylphenol surfactant
containing 23% ethylene oxide and having a mole ratio of
ethylene oxide per mole of nonylphenol of 1.5 is added per
1 bbl of hydrated base spacer mix. A sultable ethoxylated
nonylphenol surfactant for this purpose 1s available from
CGAF under the trade name IGEPAL CO-210.

Also for example, to produce a completed oil base
spacer fluld from the compositions represented in Table 1,
2.0 gallons of an ethoxylated nonylphenol surfactant
containing €5% ethylene oxide and having a mole ratio of
ethylene oxide per mole of nonylphenol of 9 is added per 1
bbl of hydrated base spacer mix. A suitable ethoxylated
noenylphenol surfactant for this purpose 1s available from
GAF under the trade name IGEPAL CO-630. This amount of
surfactant prevents most emulsions from forming; however,
1f compatibility testing shows a higher yield point (¥P)
than desired, such as a YP over 50, or if o}l wetting

occurs, additional surfactant may be added in increments
of 0.2 gal/bbl until the desired result is achieved.

As noted above, 3~-5% KC1l by weight of water (BWOW) ,
typically, may be added to the hydrated spacer fluids
represented in Table 1 on an as needed bagis to inhibit
formation clay swelling and thereby minimize formation
damage in fresh water sensitive zones, As shown in Table
2, the addition of KCl will increase the low temperature

vigscosity of the spacer fluid. Adding KRC1l prior to
hydration of the mix would result in lower viscosity

throughout the temperature range as compared to a mixture
that did not include KC1.
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TABLE 2
SPACER RHEOLOGY DATA

YIELD POINTS @ 80 & 180° F

SPACER ¥P @ 80° {¥YP @ 180° YP @ 80°| YP @ 180°
DENSITY o lwmer | wkel

9 9 12 | 24 9

10 7 12

11 10 12

12 9 11

13 8 10 '

14 12 12 39 9

15 11 9

16 16 10

17 17 10

18 21 10

19 25 10 4() . 9

The rheological properties indicated in Table 2 and
the tables herein, including yield point (YP) and plastic
viscosity (PV) indicated in pounds per hundred feet
squared, were measured with a Model 35 Fann viscometer
utilizing a #1 bob and sleeve and a #1 spring. A Fann
viscometer uses a rotor and a bob which is attached to a
spring, to measure the shear stress factor in a fluid.
The bob and rotor are immersed in the fluid which is
contained in a stationary test cup. The rotor, arranged
in concentric alignment with the bob, causes the fluid to
move at various shear rates, while the bob, by means of
the attached spring, measures the torque exerted on itself,

Table 3 ghows a performance comparison between
various spacer flulds represented in Table 1 that do not
contain KCl1 and four commercially available prior art

spacer flulds with a neat cement slurry and a highly
reactive water base drilling fluid from a South Texas well.
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TABLE 3 |
DISPERSING POWER OF SPACER FLUIDS
(Yield Points @ 80°F for a 25% cement,
25% drilling £1luid and 50% spacer fluid by volume mixture)

spacer density 9 PPA 14 ppc 19 ppc
7P 7P '
present invention 8 16 20
prior art A 76 106 158
prior art B 82 78 82
prior art C 19 40 68
prior art D 86 120 234

As shown in Table 3, the spacer composition
according to the fourth embodiment of the present
invention demonstrates clear superiority over the prior
art compositions as demonstrated by its consistently lower
vield point upon contamination with downhole fluids.

Spacer compositions in accordance with the fourth
embodiment of the present invention will be described in
more detail with reference to the following examples.
These examples are merely illustrative of the present
invention and are not intended to be limiting.

EXAMPLE 1! BAYQOU SALE #1: 7" LINER
WATER BASE DRILLING FLUID SPACER PERFORMANCE

A water base drilling fluld spacer composition in
accordance with the fourth embodiment of the present
invention having a density of 17.2 ppg was prepared
according to the following formula: 11.2 1lb/bbl spacer
dry mix comprising 33.3% SSMA, 62.5% bentonite and 4.2%
welan gum; 27.7 gal/bbl of fresh water; 478 1bs barite;
and 0.1 gal/bbl of surfactant having a mole ratio of
ethylene oxide to nonylphenol of 1.5. The fresh water
base drilling fluid had a density of approximately 17.0
ppg and the fresh water base cement slurry had a density
of 17.5 ppg.
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The rheological properties of this spacer
composition as well as the water base drilling f£luid,

cement slurry and various mixtures thereof are presented
in Table 4.

TABLE 4
Fann Rheology

- e
N e -

Temp °F 600 300 PV ¥P

Water base spacer 80 145 85 60 25
190 105 64 41 23

Water base mud (WBM) 80 188 143 45 98
190 81 49 32 17

Cement slurry 80 447 231 216 15
190 247 137 110 27

95% spacer/5% WBM 80 154 91 63 28
190 84 53 31 22

5% spacer/95% WBM 80 . 185 145 40 105
- 190 101 67 34 33

50% spacer/50% WBM 80 164 121 43 78
190 90 6l 29 32

95% spacer/5% CMT 80 161 97 64 33
190 113 74 39 35

5% spacer/95% CMT 80 439 220 129 1
190 213 120 93 27

50% spacer/50% CMT 80 225 157 64 33
190 164 101 63 38

EXAMPLE 2: Ship Shoal 332: 7" Liner

OIL BASE DRILLING FLUID SPACER PERFORMANCE
An oll base drilling fluid epacer composition in

accordance with the fourth embodiment of the present
invention having a density of 16 ppg was prepared
according to the following formula: 6.25 lbs. bentonite:
3.33 lbs SSMA; 0.42 lbs Biozan; 29.3 gal water; 416 1bs.
barite; and 2.0 gal of surfactant having a mole ratio of
ethylene oxide to nonylphenol 9 to prepare 1.0 bbl plus
the 2 gallons of surfactant for a total of 44 gallons of

the spacer composition. The o0il base drilling fluid was



an 1nvert oil mud having a density of 15.8 ppg.
cement had a density of 16.5 ppg.
The rheological properties of this spacer

]

composition are presented in Table 5.

01l base spacer

01l base mud (OBM)

Cement slurry (CMT)#*

715% Spacer/25%
25% Spacer/75%
50% Spacer/SO%
75% Spacer/25%
25% Spacer/75%
50% Spacer/50%

25% OBM/50% Spacer/

25% CMT

OBM
OBM
OBM
CMT
CMT

CMT

TABLE 5
Fann Rheoloqgy

Tenp °F
80

152
80
152
80
152
80
152
80
152
80
152
80
152
80
152
80
15%
80
152

The

152
318
173
248
1357
167
143

182

148
99

85

Py

69
42
59
34
208
102
73
41
51
20
53
36
90
64
136
78
100
58
71

o8

YP
29
13

82
23
21
33
19
20
22
26
53
24
46
17
48
41
25
27
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TABLE 5 Cont.

Temp °F 600 300 PY
Prior art oil base
spacer 80 49 25 24
152 37 20 17
01l base mud (OBM) 80 124 65 59
152 74 40 34
Cement slurry (CMT)x** 80 306 170 136
152 1590 78 72
75% spacer/25% OBM 80 167 114 53
152 108 86 22
25% spacer/73% OBM 80 222 117. 105
152 163 94 69
50% spacer/50% OBM 80 259 168 91
152 136 96 40
75% spacer/25% CMT 80 120 84 36
152 75 47 28
25% spacer/75% CMT 80 212 119 93
152 100 09 45
50% spacer/50% CMT 80 170 104 66
152 88 Sl 37
25% OBM/50% spacer/ 80 202 149 55
25% CMT 152 95 65 30
A Cement slurry included Class H cement, 8% hematite,

1,.4% of a latex based fluid loss additive, 0.35% of

sodium metasilicate, 0.35% of a lignosulfonate
retarder at a density of 16.5 ppg.

X K Cement slurry included Class H cement, 8% hematite,
1.35% of a latex based f£luid loss additive, 0.2% of
sodium metasilicate 0.3% of a lignosulfonate
retarder at a density of 16.5 ppg.

The results shown in Table 5 demonstrate that while
the spacer of the present invention and the prior art
gpacer performed without major rheological
imcompatibilities, the spacer of the present invention
demonstrated markedly superior results in the following
areas:

1) Water-wetting and c¢lean-up characteristics
which leads to enhanced bonding and
displacement; and

2) éompatibility; negligible gelation increases
the displacement efficiency of the spacer.
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EXAMPLE 3: MISSIPPI CANYON 160! 13-33/8" CASING
WATER BASE DRILLING FLUID SPACER PERFORMANCE

n water base drilling fluid spacer composition
including KCl was prepared 1n accordance with the fourth
smbodiment of the present invention. The spacer £luid had
a density of 12 ppg and was prepared according to the
following formula:® 12.5 1bs bentonite; 3.5 1bs KCl;, 2.8
1bs SSMA; 1.7 1lbs Biozan; 35.6 gal sea water; 180 lbs
harite; and 0.2 gal of surfactant having a mole ratio of
ethylene oxide tO nonylphenol of 1.5 to prepare 1.0 bbl of
the spacer composition. The sea water base drilling fluid
nad a density of 11.8 Ppd and the sea water base ¢ement
slurry had a density of 12.3 pPp9Y.

The rheological properties of this spacer
composition as well as a water base aud and cement slurry
and various mixtures thereof are presented 1in Table 6.

600 300 BV XP
Water bage spacer 44 29 15 14
Water base mud 94 62 32 30
Cement slurry 29 22 7 15
95% Spacer/5% WBA 79 60 19 41
5% Spacer/95% WBM 70 45 25 20
50% Spacer/50% WBM 63 41 22 19
95% Spacer/5% CMI 52 36 16 2.0
5% Spacer/95% CMI 52 37 15 22
50% Spacex/50% CMI 62 42 20 22
25% WBM/50% Spacer/ 88 61 27 34

25% CMT

anccording to a £ifth embodiment of the present
invention, the spacetr £1uid may be used as a preflush
material. According to +his embodiment the preflush
waterial comprises gSMA, water and gurfactant.

preferably, three (3) 1lbs/bbl of the preflush composition
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iz combined with 0.2 gal/bbl of an ethozxylated nonylphenol
surfactant, preferably one having 23% ethylens oxide and &
mole ratio of ethylene oxide to nonylphenol of 1.3, sueh
8¢ Igepal CO 210 surfactant available from GAF, The
resulting preflush composition is an excellent dispersing
wash for applications involving water bage drilling £luids
containing highly reactive clays that normally cause
savere flocculation problems during cementing operations.
This preflush composition will handle almost any
contamination problem and prepare the wellbore annulug for
improved cement bonding. Compatibiiity testing of the
proflush composition has shown it to be s very gtrong
dispersant capable of handling even the worst drilling
fluld and cement slurry flocculations. Table 7 shows a
direct comparison of performance at Prudhoe Bay for the
proflush composition of the present invention and three
commércially avallable preflush compositions with an
identical water baze drilling €iuide (9-5/8" casing point)
and cement slurry (BJ/Titan's blend). The yield pointg
wvere taken at 80°F for & mixture of 25% drilling f£luid,
25% coment slurry and 30% proflush.

DISPERSING POWER OF PREFLUSH

PYrosent Prior Art Prior Art  Prior Art
v & 19 19 3%

Also according to the fifth embodiment of tho
present invention, three (3) 1bs/bbl of ths preflush
composition are preferably combined with 2.0 gal/bbl of an
ethoxylated nonylphenel surfactant, proferably one having
65% ethylsne oxlde and a mole ratic of ethylene oxide to

nonylphenol of 9, such as Igepal C0-630 surfactant
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available from GAF. The resulting preflush composition is

an excellant dispersing wash for applications involving
01l base drilling fluids. This preflush composition will

handle almogt any contamination problem and prepare the
wellbore annulus for improved cement bonding.

Although preferred embodiments of the present
invention have been described in some detail herein,
various substitutions and modifications may be made to the
compositions and methods of the invention without
departing from the scope and spirit of the appended claims.
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WHAT 1S CLAIMED IS:

1. A method for cementing a wellbore penetrating
an earth formation into which a conduit extends, said
wellbore having a space occupied by a drilling fluid, said
method comprising the steps of:

a) displacing said drilling fluid from said
space with a spacer fluid comprising:
sulfonated styrene-maleic anhydride
copolymer, bentonite, welan gum,
surfactant and a weighting agent; and
b) displacing said spacer composition and
filling said wellbore space with a settable cement
composition.

2. A method of displacing drilling fluid in an oil
well or gas well, wherein a composition comprising
sulfonated styrene-maleic anhydride copolymer, bentonite,
welan gum, surfactant and a weighting agent is used as a
spacer fluid between a displacement fluid and the drilling

fluid.

3. The method of claim 2 wherein the displacement
fluid comprises a cement slurry.

4, A composition for use as a spacer £fluid in the
drllling and completion of an oil well, comprising:
sulfonated styrené-maleic anhydride copolymer as a
dispersant and one or more additional components selected
from the group consisting of surfactants, viscosifiers and
weighting materials. '
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5. The composition set forth in claim 4, wherein
the composition comprises the sodium salt of sulfonated
styrene-malelc anhydride copolymer,

6. The composition set forth in claim 4, wherein
the molecular weight of the sulfonated styrene-maleic
anhydride copoymer is less than 5000.

7. The composition set forth in claim 4, wherein
said composition comprises a viscosifier comprising
drilling fluid.

8. A composition in accordance with claim 7,
wherein said fluid comprises 1.0 to 10.0 pounds of
sulfonated styrene-maleic anhydride copolymer per 42
gallon barrel of original drilling fluid.

9. The composition set forth in claim 4, wherein

- said composition comprises sulfonated styrene-maleic

anhydride copolymer, a weighting material comprising
Portland cement, and one or more viscosifiers selected
from the group consisting of welan gum, hydroxyethyl
cellulose, carboxymethylhydroxyethylcellulose,
attapulgite, partially hydrolyzed polyacrylamide,
sepiolite, bentonite, acrylimide, acrylic acid,
2—-acrylamido-2-methylpropane sulfonic acid copolymers,
polyvinylpyrrolidone, silicate extenders, and drilling

fluid.

10. The composition set forth in claim 9, further
comprising one or more weighting materials selected from the

group consisting of barite and hematite.
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1l. The composition set forth in claim 4, wherein

said composition comprises sulfonated styrene-maleic
enhydride copolymer, one or both of an anionic and
nonionic water wetting surfactant, one or more
viscosifilers selected from the group consisting of
hydroxyethylcellulose, carboxymethylhydroxyethyl-
cellulose, partially hydrolyzed polyacrylamide, bentonite,
attapulgite, sepiolite and sodium silicate, and one cr

more weighting materiasls selected from the group
consisting of barite, hematite, illmenite and sand.

12. The composition set forth in claim 4. wherein
said composition comprises sulfonated styrene-maleic
anhydride copolymer, bentonite, welan gum, surfactant and

g8 weighting material.

13. The composition set forth in claim 12, wherein

said composition comprises a spacer dry mix comprising

about 10 to about 50% by weight of sulfonated
styrene-maleic anhydride copoclymer, about 40 to about 90%
bentonite, about 1 to sbout 20% welan qum; and about 0.01

to about 10.0 gallons per barrel of the composition of an
ethoxylated nonylphenol surfactant; and the weighting materials is

selected from the group consisting of barite, hematite and
calcium carbonate.

14. The composition set forth in claim 13, wherein

said composition comprises & spacer dry mix comprising
sbout 33-34% by weight of sulfonsted styrene-maleic

enhydride copolymer, about €62-63% by weight of bentonite,
about 4-5% by weight of welan gum; about 0.2 to about 2.0

gallons per barrel of the ethoxylated nonylphenol surfactant;
"and barite in an amount to give the spacer fluid a density at

least equal to the density of drilling fluid.
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15. The composition set forth in claim 14, wherein
salid composition comprises about 0.2 gallons per barrel of

the ethoxylated nonylphenol surfactant comprising 23%
ethylene oxide and having a mole ratio of ethylene oxide

to nonylphenol of 1.5.

16. The composition set forth in claim 14, wherein
said composition comprises about 2.0 galions per barrel of

the ethoxylated nonylphenol surfactant comprising 65%
ethylene oxide and having a mole ratio of ethylene oxide

to nonylphenol of 9.

17. The composition set forth in claim 12 further

comprising a salt selected from the group consisting of:
potassium chloride, sodium chloride, calcium chloride,
magnesium chloride, quarternary ammonium salts and

zirconium oxy chlorides.

18, The composition set forth in claim 17, wherein
said composition comprises from about 3 to about 5 percent
by weight of water of potassium chloride.

19. The composition set forth in claim 4, wherein
said composition comprises sulfonated styrene-maleic
anhydride copolymer, a surfactant and water.

20. The composition set forth in claim 19, wherein
said surfactant comprises an ethoxylated nonylphenol

surfactant.
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