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(57) On purge un puits (10) pour en ¢liminer les boues de
forage a base de pétrole et d’eau ainsi que les autres
polluants de puts de forage tels que les moyens
d’¢tancheite des raccords filetés de tuyaux et les
lubrifiants, et on nettoie les surfaces d 'un puits de forage
au moyen d un systeme constitue de quatre bouchons de
fluide myjectes en serie. Le bouchon de fluide du premier
¢tage est un ¢lément d’espacement lesté¢ contenant un
agent tensioactit au polyglycoside alkylique, un agent de
dispersion, un agent de lestage et un agent de viscosite.
Le bouchon du deuxieme ¢&tage est un fluide
d’entrainement constitu¢ d’eau et d’un gel polymere
visqueux tel que de la gomme de xanthane clarifi€e
presentant des caractéristiques de viscosite et un gradient
de cisaillement qui mimimisent le meélange du fluide
d’entrainement avec le bouchon de fluide de purge. Un
bouchon de fluide tampon comprenant de la saumure de
completion est place entre le tampon de {fluide
d’entrainement et un quatrieme ¢tage comprenant un
tampon de fluide de lavage utilisant un solvant organique
ou un polyglycoside alkylique en tant qu’ctage de
nettovage final. Les densités des bouchons sont
modulées de manicre a minimiser le melange et la
digitation.

I*I Industrie Canada  Industry Canada

(57) O11 and water based drilling muds, together with
other wellbore contaminants such as pipe thread sealants
and lubricants are displaced from the well (10) and the
wellbore surfaces are cleaned by a system of four serially
pumped fluid pills. The first stage fluid pill 1s a weighted
spacer having an alkyl polyglycoside surfactant, a
dispersant, a weighting agent and a viscosifier. The
second stage pill 1s a drive fluid formed by water and a
viscous polymer gel such as clarified xanthan gum
having a wviscosity/shear rate characteristic which
minimizes mixing of the drive fluid pill with the
displacement fluid pill. A buffer fluid pill comprising
completion brine 1s mterposed between the drive fluid
p1ll and a fourth stage comprising a wash fluid pill using
an organic solvent or a caustic alkyl polyglycoside as a
final cleaning stage. The densities of the pills are
controlled to mimimize mixing and fingering.
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WELL CLEANOUT SYSTEM AND METHOD

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention pertains to a well cleanout system
comprising plural serially-injected fluid compositions and a
method for removing contaminants from cased and open-hole
wellbores using such compositions.

Background

In the drilling and workover of o0il and gas wells and
certain types of fluid-injection wells, it is necessary and
desirable to remove contaminants such as drilling fluids, pipe
sealants and lubricants and other residue from the wellbore.
Failure to perform an effective cleanout operation can result
in contamination and plugging of an earth formation from which
fluids are desired to be produced. Moreover, wells which have
already produced subterranean fluids, including wells having
so-called open-hole wellbores, periodically benefit from
cleaning of the wellbore to remove contaminants such as iron
sulfide precipitates, injection water contaminants and filter
cake of certain fluids which have been injected into the
wellbore but which have not been removed as a result of
producing fluids from the wellbore.

The objectives in wellbore cleanout processes are
primarily focused on complete displacement of drilling fluids
or other fluids occupying the wellbore and removal of drilling
fluid residue and other contaminants occupying the wellbore.
In this regard, a displacement f£fluid, sometimes called a
spacer fluid, should be similar in density to the drilling or
other fluid occupying the wellbore to prevent substantial
commingling of these fluids during the displacement process.
Still further, the displacement fluid should contain an agent
which is effective in removing contaminants adhering to the
wellbore walls as well as certain solids which may be loosely
in residence in the wellbore.

Still further, an effective drive fluid for driving the
displacement fluid through the wellbore is one which will
minimize mixing with the displacement fluid and has a "piston"
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effect for driving the displacement fluid through the wellbore
space and out of the wellbore without substantial mixing with
the draive fluid. This fluid should have viscoelastic and
pseudo plastic time independent properties to provide the
piston-like displacement effect and gel-like suspension
characteristics.

Still further, a desirable well cleanout system and
method requires a buffer to prevent mixing of the viscous gel
drive fluid with a final stage comprising a cleaning or wash
pill to provide the final stage of cleanout.

Prior art efforts to provide effective well cleanout
processes have resulted in unsatisfactory quality and speed of
cleanout as well as unwanted mixing and failure of the fluid
slugs or pills displaced through the wellbore to provide the
cleanout process. However, the objectives and desiderata
outlined above have been met with the improved system and
method of the present invention.

SUMMARY OF THE INVENTION

The present invention provides an improved wellbore
cleanout system comprising plural fluid compositions which are
sequentially displaced through a wellbore to remove drilling
fluid and other contaminants from the wellbore walls and the
wellbore space.

In accordance with an important aspect of the present
invention, a wellbore cleanout system is provided which
utilizes plural slugs or pills of fluid which are injected
into the wellbore to displace the drilling fluid, without
substantial mixing, while maintaining an interface which 1is
miscible or near miscible with the drilling fluid and while
still further protecting the integrity of a displacement or
spacer pill or slug from uncontrolled dilution and dispersion.

In accordance with yet a further aspect of the present
invention, a wellbore cleanout system i1s provided which (a) is
operable to accommodate gradual density and viscosity
transition between drilling fluid or the like being displaced
from the wellbore and a completion fluid which will occupy the

wellbore after the displacement and cleaning process, (b)

1
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provide fast-acting and turbulent cleaning action, and (c)
reduce the volume of components of the system and of
completion f£luid which must be discarded due to contamination.

In particular, a wellbore cleanout system is provided
which includes a unique displacement or spacer fluid
composition which is pumped into the wellbore to displace
drilling fluid and to remove drilling fluid from the wellbore
walls together with other contaminants. This displacement
fluid advantageously includes an effective cleaning
composition utilizing primarily a glucose based surfactant
having a lipophilic portion comprising a linear alkyl chain,
or a branch alkyl chain (which may contain one or more double
bonds or a hydroxy group) or an alkyl phenol chain. A
cosurfactant may be used such as linear or branch alkyl
alcohol ethoxylates, alkyl phenol ethoxylates, amphoteraic,
anionic, and cationic surfactants.

Still further, the system includes a viscous fluid slug
or pill which provides a piston-like driving effect for
displacing the displacement fluid without significant mixing
with the displacement fluid thereby protecting the
displacement fluid from uncontrolled dilution and dispersion
while also providing a gradual density transition.

Still further, the invention includes a buffer fluid slug
or pill which serves as a buffer providing a gradual viscosity
transition between the wviscous drive fluid slug and a washing
or cleaning pill or slug which includes a solvent or
surfactant and which may be displaced through the wellbore in
turbulent flow to provide a final step in the cleaning
process.

The invention contemplates the use of a series of four
slugs or pills of fluids to provide the optimum displacement
and cleanout process which is particularly useful in cleaning
out oil-based or water-based muds, although not limited
thereto, minimize the dilution and dispersion of each of the
pills or slugs of fluid, provide a gradual density and
viscosity transition between the fluid.being displaced from
the wellbore and each of the pills or slugs as well as the
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final completion fluid which is to occupy the wellbore,
provide fast-acting, turbulent cleaning action in the wellbore
and minimize the volume of completion fluid, in particular,
which must be discarded due to contamination. The above-noted
objectives, advantages and superior features of the present
invention will be further appreciated by those skilled in the

art upon reading the detailed description which follows in
conjunction with the drawing.

BRIEF DESCRIPTION OF THE DRAWING

Figure 1 is a diagram of the molecular structure of a
preferred surfactant;

Figure 2 is a schematic diagram of a wellbore showing one
general arrangement of the various fluid slugs or pills which
are pumped through the wellbore in accordance with the present
invention; and

Figure 3 is a diagram showing certain characteristics of
a preferred drive fluid in accordance with the present
invention.

DESCRIPTION OF PREFERRED EMBODIMENTS

In the description which follows, like parts are marked
throughout the specification and drawing with the same
reference numerals, respectively. The drawing figures are not
to scale and certain elements are shown in generalized or

somewhat schematic form in the interest of clarity and
conciseness.

The above-described problems and desiderata in cleanout
of subterranean wellbores have been resolved with two primary
factors which are central to the success of the cleanout
system and method of the present invention. Gradual density
transition between the slugs or pills of the fluids is
advantageous in that minimal commingling of fluids occurs.
Secondly, an advantageous composition is provided for the
drive fluid which displaces the displacement fluid resulting
in better viscosity control than prior art compositions.
Still further, fluid turbulence in the wash slugs or pills is
provided with improved cleaning effect. Lastly, improved
cleaning slugs or pills are provided which use alkyl
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polyvglycoside cleaning agents and non-aromatic solvents, both
of which significantly enhance the quality of the wellbore
cleaning and the efficiency of displacement of wellbore fluids
and other contaminants.

In accordance with the teaching of U.S. Patent
No. 5,458,197, assigned to the assignee of
the present invention, 1t has been discovered that certain
alkyl polyglycoside surfactants, which are non-ionic in
nature, and which utilize the many hydroxyl groups in the
polysaccharide chain to achieve hydro philicity, in
combination with caustic materials such as sodium hydroxide
and potassium hydroxide, may be particularly effective in a
cleanout fluid for removing from wellbores oil-based drilling
mud residue, pipe thread sealants and lubricants, hydrocarbon
substances such as diesel 0il, mineral o0il and crude o0il and
other naturally-occurring formation fluids. The oil-soluble
portion of the alkyl polyglycoside surfactant may be
controlled by the alkyl chain length which can be varied from
C4 to Cl8. Each saccharide group is typically equivalent to
5-7 ethylene oxide groups, and therefore is very effective in
rendering water-soluble properties to alkyl polyglycoside
surfactants even at high tempera-tures, high salinity and
hardness conditions such as found in seawater.

Figure l(a) shows the structure of the alkyl
polyglycoside molecule that contains a hydrophilic group which
is derived from starch and 1s comprised of one or more
anhydroglucose units. There are two ether oxygens and three
hydroxyl groups per glucose unit, plus a terminal hydroxyl
group. The lipophilic portion of the molecule resides in the
alkyl chain wherein R can be a linear alkyl chain, as
indicated in Figure 1l(b), and wherein n preferably ranges from
4 to 18. Alternatively, R can be a branch alkyl chain, as
indicated in Figure l(c), wherein m and k are odd numbers and
m 1s equal to k + 2, or an alkyl phenol chain as indicated in
Figure 1(d). The polymerization reaction can provide oligomer
distributions from x = 0 up to x = 10.

The concentration of the alkyl polvglyvcoside surfactant
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for use in the first or displacement fluid stage may be in the
range of about 1.0% to 10.0% by weight of the total
composition for use in displacing both oil-based drilling muds
and water-based drilling muds. The water solubility and oil
solubility requirements can be optimized by choosing the
appropriate alkyl chain length or a mixture of alkyl chain
length and/or the polysac-charide number in the molecule. A
cosurfactant such as a linear alkyl ethoxylate or an alkyl
phenol ethoxylate may be included in the total concentration
of surfactant. The cosurfactant may also be selected from
amphoteric, anionic and cationic type surfactants. The weight
concentration of the cosurfactant in the total should be in
the range of 0.0% to 3.0%. In other words, if the total
concentration of surfactant is 5.0% and the concentration of
the cosurfactant is .25%, the concentration of the alkyl
polyglycoside surfactant would be 4.75% by weight of the total
composition.

The displacement fluid which is to include the alkyl
polyglycoside surfactant, and a cosurfactant, if any, may be
one of those described in U.S. Patent 5,030,366, issued July
9, 1991 to Wilson, et al, and assigned to the assignee of the
present invention. In particular, a suitable displacement or
"spacer" fluid should comprise fresh water mixed with a
composition which may include the following substances
provided in the quantities described as part of a dry mixture:
sulfonated styrene maleic¢ anhydride copolymer in the amount of
about 10% to 50% by weight, about 40% to 90% by weight of a
gell agent such as bentonite and about 1% to about 20% by
weight of a viscosifier selected from a group consisting of
Welan gum, hydroxyethylcellulose, carboxymethyl
hydroxyethylcellulose, attapulgite, partially hydrolized
polyacrylamide, sepiolite, bentonite, acrylamide polyvmers,
acrylic acid polymers, 2-acrylamido-2-methylpropane sulfonic
acid copolymers, polyvinyl pyrrolidinone and silicate
extenders.

The quantity of the displacement fluid which is pumped
into a typical wellbore should occupy at least about 400 feet
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to 1200 feet of wellbore space during the displacement and
cleanout procedure. The displacement fluid should have a
density not significantly less than the density of the
drilling fluid or other fluid in the wellbore that is to be
displaced during the displacement and cleanout procedure. It
has been determined that, if the density of the displacement
fluid pill 1is within about 2.0 lbs. per gallon less than the
density of the drilling or other fluid in the wellbore, an
insignificant mixing or commingling of fluids will take place
in a normal cleanout procedure in accordance with the

invention.

The second slug or pill of fluid displaced through the
wellbore functions primarily as a piston-like or driving
element for the slug or pill of displacement fluid. The
second fluid pill is preferably a viscous gel solution which
has a relatively steep slope of viscosity versus shear rate

and also a very high viscosity at low or near-zero shear rate,

such as 0.1 reciprocal seconds or less. In accordance with
the present invention, the use of a biopolymer gel solution
such as clarifled xanthan gum has been discovered to have
superior performance characteristics. The xanthan gum has

improved rheological properties over synthetic polymers such

as HEC (hydroxyethyl cellulose) and polvacrylamides. Figure 3

rllustrates the characteristic of shear rate in reciprocal
seconds (Sec™) versus viscosity in centipoises (cp) at 160°F
ftor gels made up of 2.5 lbs. of clarified xanthan gum per
barrel of water (42 U.S. gallons per barrel), in particular a

brand known as Xanvié? and 2.8 lbs. of HEC per barrel of

water. The rheological behaviors would be similar 3in
potassium chloride or sodium chloride brine.

It will be noted from Figure 3 that the viscosities at
relatively high shear rates (100 to 1000 reciprocal seconds)
of the Xanviémgel are lower (in a range of about 20 cp to 150
cp) than that attainable with HEC while the viscosities at low
shear rates (.1 or lower reciprocal seconds) are significantly
higher (in a range of about 27,000 cp to 35,000 cp). This

shear rate versus V1scosity characteristic enables the drive
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fluid pill or slug to proceed through the wellbore with
minimal turbulence while also maintaining a fairly uniform
"piston-like" characteristic to displace the displacement
fluid without substantial mixing therewith. In fact, the
density of the drive fluid pill may be significantly less than
that of the displacement fluid. For example, if the
displacement fluid has a density of about 15.0 to 16.0 lbs.
per gallon, the drive fluid pill may have a density of about
8.4 to 10.0 1lbs. per gallon. The viscosity of the gel draive
fluid will minimize mixing of the drive fluid pill with the
displacement fluid pill during the procedure because some
initial mixing of drive fluid with displacement fluid will
create a transition zone of intermediate density fluid thereby
minimizing further mixing. The density of the drive fluid
Pill may be modified by adding sodium chloride or a similar
salt to the pill.

The well cleanout system and method contemplates the use
of a third stage fluid pill which is preferably a chloride
brine or seawater which can be provided in densities up to
about 10.0 lbs. per gallon using sodium chloride so as to
mitigate any large density differential between the second
stage pill and the third stage pill as well as between the
third stage pill and a fourth stage pill. Because of a fairly
critical temperature characteristic, bromide brines are not
suitable for use as the third stage or buffer pill adjacent to
a draive fluid pill which includes a xanthan gum polymer.
Bromide ions will tend to reduce the rheological stability of
the xanthan gum significantly and destroy its viscosity
qualities at elevated temperatures, typically above 60°C. The
selection of the third stage fluid described immediately above
1s based on the assumption that some mixing of this buffer
fluid with the second stage drive fluid will occur.
Accordingly, the placement of a third stage fluid pill between
the drive fluid pill and a fourth stage fluid pill, which will
complete the cleanout procedure, i1is desirable.

The system and method of the present invention further
contemplates the use of a fourth stage fluid composition

il —_—p Y AL AP | 8 Yy y—
—a— e
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forming a slug or pill which is pumped into the wellbore
behind the third stage or buffer pill. The fourth stage is
preferably made up of a mixture of a brine, such as mentioned
above, and a solvent or caustic surfactant solution which will
complete the cleanout procedure. For cleanout of oil-based
drilling fluids, the fourth stage slug or pill preferably
should include an organic solvent which is capable of fast-
action cleaning of any residual oil-based mud films, caky
deposits and pipe thread compound remaining in the wellbore.
The pumping rate of the fourth stage pill is selected to
perform this operation in turbulent flow. The major criteria
in selecting the solvent for the fourth stage fluid pill are
that the solvent be non-toxic, have a high flash point, have a
large solubility of oil-based mud and hydrocarbon oils and
also have good dispersibility in brine.

The solvent should comprise from 20% to 50% of the fourth
stage pill, by volume. Commercially available organic
solvents such as solvents sold under the trade names Super
Pickle™ (sold by Wellflow Technologies, Inc. of Houston,
Texas) and PDR-1000 (sold by Rig-Chem, Inc. of Houma,
Louisiana) have been found to be suitable. Also, solvents
such as BWCE-101 (available from BW Mud, Ltd. of Aberdeen,
Scotland) and Nature Solﬂuavailable from Chem-Rich ot
Lafavette, Louisiana) are suitable. These solvents are d-
_Limonene citrus-based solvents.

If the wash fluid pill 1s to be used in a well in which
water-based drilling fluids are to be displaced and cleaned
from the wellbore surfaces, the wash fluid may comprise water
with an alkyl polyglycoside surfactant and a caustic agent to
bring the pH in the range of 12.5 to 13.5. This caustic
solution may be provided by adding a caustic agent such as
sodium hydroxide or potassium hydroxide to the solution.

The concentration of alkyl polvglycoside surfactants in
~he wash fluid should typically be in the range of about 1.0%
to 10.0% by weight of the total composition and preferably

1.0% to 5.0%. The concentra-tion of caustic materials may be
in the range of about 1.0% to 10.0% by weight of the total
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composition. As with the displacement fluid, the water
solubility and oil solubility requirements can be optimized by
choosing the appropriate alkyl chain length or a mixture of
alkyl chain length and/or the glycoside number in the
molecule. The linear alkyl ethoxylate or alkyl phenol
ethoxylate may be included as a cosurfactant. The wash fluid
may include selected amounts of 0.25% to 1.5% by weight of low
molecular weight polymers such as sulfonated styrene maleic
anhydride, sulfonated vinyl toluene maleic anhydride or
sulfonated isobutylene maleic anhydride as dispersants to
improve the dispersion of solid particles.

A major advantage of the four-stage fluid system with the
four separate fluid slugs or pills described hereinabove is
that when a completion brine is pumped into and through a well
behind the fourth stage slug or pill, only a minimal volume of
such brine has to be discarded due to polymer contamination.
In a conventional three-stage fluid slug cleanout system, for
example, (displacement fluid, followed by wash fluid, followed
by viscous drive fluid) there is always a large disposal
volume of brine as well as a substantial delay in taking the
brine surface returns because of the substantial mixing zone
created by fingering of the completion brine into the viscous
drive fluid. The presence of polymer gel in completion brine
returns can plug off the brine filtration system, thereby
incurring additional expense and delaying well operations.

A typical well displacement and cleanout procedure will
now be described utilizing the system and method of the
invention. Figure 2 illustrates the well cleanout system
being displaced through a well 10 extending in an earth
formation 11 and having a cased portion 12, an open-hole
portion 14 and a tubing string 16 extending within the well
from a wellhead 18. The decision on whether or not to pump
the four-stage displacement and cleanout system fluids down
through a tubing string and up through the well annulus, as
shown in Figure 2, or vice versa, may be based on several
factors. Generally, 1f the density of the final completion
fluid (i.e. the fifth stage) is relatively high, it would be
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desirable to pump the fluid slugs, and the completion fluid
thereafter, down through the tubing string and up through the
annulus to minimize commingling of the completion f£luid with
the cleanout system fluid pills, particularly the fourth
stage. Another reason for pumping the well cleanout system
down through the tubing string would be to minimize the chance
of plugging any small-diameter orifices or ports such as might
be found in a drill bit i1if the system was pumped through a
drillstring. Also, removal of bottom-of-the-well solids
contaminants may also be easier accomplished by pumping the
treatment system down through the tubing string and up through
the annulus.

On the other hand, if the density of the completion fluid
is relatively low, this would favor pumping the cleanout fluid
pills serially down through the well annulus and up through
the tubing string.

The first stage of the cleanout system comprising the
drilling fluid displacement slug or pill 1is preferably
composed of the aforementioned compositions of sulfonated
styrene maleic anhydride, water, a weighting agent, a
viscosifier, an alkyl polyglycoside surfactant and a
cosurfactant to provide displacement of the drilling fluid,
particularly oil-based or water-based drilling muds, provide
some miscibility at the interface of the drilling fluid and
the first stage slug or pill to avoid the formation of any
emulsion of adverse viscosities and to provide cleaning of the
wellbore surfaces comprising the inner and outer surfaces of
the tubing string, the open hole wall surface of a wellbore
and/or the inner wall surfaces of the well casing. The
displacement fluid also functions to entrain and remove solids
particles loosely residing in the wellbore or adhered to the
drilling fluid or oil coatings on the wellbore wall surfaces.
The first stage fluid may be made up in densities ranging from
9.0 to 19.0 1lbs. per gallon and should be approximately the
same or slightly less dense than the drilling fluid that 1s
being displaced, as previously mentioned.

If the cleanout system is being pumped down through a so-
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called workstring or a drillstring, such a tubing string may
be reciprocated and/or rotated during the injection and
displacement process to enhance the cleaning action of the
first stage pill. All blending and storage tanks and
flowlines leading to the well should be cleaned in advance. A
sufficient quantity of the first stage pill should be made up
to occupy about 400 feet to 1200 feet of wellbore annulus.
Typically, the displacement fluid pill should be in the amount
of 20 barrels to 60 barrels volume (42 U.S. gallons per
barrel). The surfactant formulation used in the displacement
fluid pill preferably includes an alkyl polyglycoside
surfactant known as APG 600 or Glucopoﬁmsoo available from
Henkel Corporation of Amber, Pennsvylvania, and a small amount
of a non-ionic surfactant sold under the trade name Neodol 91-
2.5 available from Shell Chemical Company of Houston, Texas.
Typically, the displacement fluid composition comprises 1.0%
to 5.0% by weight of total active surfactants. Moreover, the
ratio of the alkyl polyglycoside surfactant to the nonionic
cosurfactant should be in the range of 5:1 to 2:1 by weight.
Example compositions are shown in Table I.

TABLE I
Total Active
APG® 600~* Neodol® 91-2.5 Surfactant
3.8 %v 1.0 %v 3 $w
4.8 $v 0.4 $%v 3 $w

*50% active material

By way of example, the displacement fluid pri1ll in the
amount of 23 barrels may be made up using 22.5 barrels of
fresh water and 350 lbs. of a dry spacer mix in accordance
with the compositions described hereinabove or in U.S. Patent
5,030,366 and available from Halliburton Energy Services as
their Alpha spacer mix. Preferably the spacer mix is added to

the water slowly at an interval of ten minutes for each 50 1b.

bag while shearing the mixture with maximum pumping rate for

. fifteen to twenty minutes. A weighting agent in the amount of

13.000.1bs. is then injected into the pill solution in a




WO 95/12741 PCT/US94/11868

2175900

13

blending and storage tank while blending and circulating with
a pump for about 15 minutes.

Subsequently, 8.0 gallons of Neodol 91-2.5 are added
together with 41.0 gallons of Glucopon 600 alkyl polyglycoside
surfactant. Preferably, the alkyl polyglycoside surfactant 1is
added last, about one-half hour before pumping into the
wellbore, to avoid foaming.

The drive fluid pill (second stage) is thereafter made up
in a blending tank in the amount of 33 barrels, at a density
of 10.0 lbs. per gallon, by adding citric acid to 29.5 bbl of
water to lower the pH to about 4.0. Seventy-five pounds of
vanvis brand xanthan gum polymer are then added slowly at the
rate of 12.5 1lbs. per minute while mixing to disperse the
polymer. At this point, a diluted caustic soda solution may
be added slowly to raise the pH of the drive fluid to the
range of about 9.0 to 10.0 until it becomes thickened. In
order to bring the density of the drive fluid pill up to 10.0
1bs. per gallon, 3600 lbs. of sodium chloride are then added
to the pill solution. This solution is sheared at max 1mum
pumping rate for about fifteen to thirty minutes to help it
vield its full viscosity. The quantity of drive fluid pill
made up should also occupy from 400 feet to 1200 feet of
wellbore space.

A sufficient quantity of completion fluid (brine) 1s made
up for use as the third or buffer stage, preferably having a
density of 8.5 lbs. per gallon and of a total volume
equivalent to about 600 feet to 1200 feet of wellbore annular
space. The fourth or wash stage fluid may also be made by
adding about 6.3 barrels of organic solvent, 1.e. Super Pickle
or CE101, to 14.0 barrels of completion brine. A sufficient
quantity of the buffer fluid slug or pill must be used to
assure that any residual polymer gel resulting from mixing of
the drive fluid pill with the buffer pill does not contaminate
the wash pill.

Displacement into the well 1is started by pumping the
displacement fluid pill, followed by pumping the drive fluid
pill, followed by pumping the buffer fluid pill and finally
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pumping the wash fluid pill. A 4.0 barrel per minute pumping
rate 1s preferably maintained until all four stages are pumped
into the wellbore. Pumping should continue until total
displacement of oil-based drilling fluid or other drilling
fluid is completed. The drilling fluid or *“mud" is routed to
a disposal tank upon its return from the wellbore and the
displacement fluid pill, the drive fluid pill and the buffer
and wash fluid pills are also routed to a disposal tank for
proper disposal upon their return from the wellbore.

With the foregoing procedure, contamination of the
completion brine (fifth stage) is expected to be no more than
10 to 20 barrels. Once the brine returns look clear, they may
be taken to a conventional filtration unit while circulation
1s continued at a relatively high rate to displace additional
one or two wellbore volumes, or until the brine clarity reads
30 NTU’s or less.

It should be mentioned that the drilling fluid, for
example, an oil-based drilling mud composition, may be
modified during the drilling process to facilitate the
cleanout procedure. For example, when nearing total hole
depth, preparation for the cleanout and completion operation
may be carried out by increasing the oil-water volumetric
ratio to 80/20 or higher, if possible, while reducing the
excess lime content to a minimum of 0.0 to 1.0 lbs. per
barrel. The rheology of oil-based mud, that is the plastaic
viscosity, yield point and gel strength should also be
modified so that the yield point is less than the displacement
fluid pi1ll. Secondly, a casing or tubing scraper may be run
such as the Hedge Ho&wbrand casing brush similar to that
described i1n U.S. Patent 4,896,720. The drilling f1luid should
be maintained in circulation during the scraper run and the
workstring or drillstring may be rotated and reciprocated also
during displacement.

Those skilled in the art will appreciate from the
foregoing that an improved wellbore cleanout system and method
have been provided by the present invention. The first stage
comprising the displacement fluid pill provides a density
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balanced displacement of drilling fluids with substantial
cleaning of the tubing and casing surfaces or the wellbore
surface of an open-hole wellbore. Each of the fluid stages or
pills are prevented from undergoing uncontrolled dilution and
dispersion with a gradual density and viscosity transition and

- a fast-acting and turbulent cleaning action is provided by the
fourth stage pill. The entire system not only provides
improved cleaning action but minimizes the volume of
completion fluid which must be discarded due to contamination.

Although a preferred embodiment of a system and method

for cleaning wellbores has been described hereinabove, those
skilled i1n the art will recognize that various substitutions
and modifications may be made to the system and method without
departing from the scope and spirit of the invention as
recited in the appended claims.
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WHAT IS CLAIMED IS:

1. A method for displacing fluid from and cleaning a
wellbore space of a subterranean well having a tubing string

extending therewithin, comprising the steps of:

circulating a displacement fluid into said well to

displace fluid in said well therefrom;

circulating a drive fluid into said well for driving

sald displacement fluid through said well;

circulating a buffer fluid into said well after said

drive fluid; and

circulating a wash fluid for at least one of water-
based and oi1il-based wellbore contaminants into said well after
sald buffer fluid said wash fluid being provided to include at

least one organlc solvent and a d-Limonene base solvent.

2. The method set forth 1in Claim 1 including the step

of:

circulating a completion fluid into said well to

displace the first four mentioned fluids through said well.

3. The method set forth in Claim 1 1including the step
of:

providing said displacement fluid with a surfactant
1in the amount of about 1.0% to 10.0% by weight of said

displacement fluid.

4, The method set forth 1n Claim 3 1including the step
of:
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providing sald surfactant to include a hydrophilic

g

group comprised of one or more anhydrous glucose units and a

lipophilic portion selected from a group consisting of a

linear alkyl chain, a branch alkyl chain which may contain one
Oor more double bonds or a hydroxy group and an alkyl phenol

chain.

5. The method set forth in Claim 3 including the step
of:

providing a cosurfactant selected from a group
consisting of linear alkyl alcohol ethoxylate, alkyl phenol

ethoxylate, amphoteric, anionic, and cationic surfactants.

6. The method set forth 1n Claim 3 including the step
of:

providing said displacement fluid with a dispersant
selected from a group consisting of sulfonated styrene maleic

anhydride, sulfonated vinyl toluene maleic anhydride and

sulfonated 1sobutylene maleic anhydride.

7. The method set forth 1n Claim 3 including the step
of:

providing sald displacement fluid with one or more

viscoslfiers selected from a group consisting of Welan gum,
hydroxyethylcellulose, carboxymethyl hydroxyethylcellulose,
attapulgite, partially hydrolized polyacrylamide, sepiolite,
bentonite, acrylamide polymers, acrylic acid polymers, 2-
acrylamido-Z2-methylpropane sulfonic acid copolymers, polyvinyl

pyrrolidone and silicate extenders.

8 . The method set forth in Claim 1 including the step
of:
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providing sald drive fluid as a viscous gel

comprising water and xanthan gum.

9. The method set forth in Claim 1 including the step
of:

P

providing said buffer fluid as a quantity of brine.

10. A fluid system for displacing drilling fluid and the

P
p—

like from a wellbore and for cleaning the wellbore walls of

sald drilling fluld and other contaminants 1in said wellbore,

sald system comprising:

a first stage displacement fluid pill for displacing
drilling fluid from said wellbore, said displacement fluid

pill comprising a dispersant, water, a viscosifier and a

surfactant;

a second stage drive fluid pill for driving said

displacement fluid from said wellbore and comprising a viscous

gel;

a third stage buffer fluid pill; and

a fourth stage wash fluid pill, said wash fluid
being provided to 1include at least one of an organic solvent

and d-Limonene base solvent.

11. The system set forth 1n Claim 10 wherein:

sald displacement fluld pill has a density at least

one of the same as or slightly less than the density of said

drilling fluid.

12. The system set forth in Claim 10 wherein:
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the densities of each of said fluids comprising said

second, third and fourth stages do not vary from the densities

of the fluid of the adjacent stage more than about 2.0 1lbs.
per gallon.

13. The system set forth in Claim 10 wherein:
sald buffer fluid comprises brine.

14. The system set forth in Claim 10 wherein:

salid surfactant comprises a glucose-base surfactant
having a lipophilic portion selected from a group consisting
of a linear alkyl <chain, a branch alkyl chain which may

contain one or more double bonds or a hydroxy group and an

alkyl phenol chain.

15. The system set forth in Claim 14 wherein:

sald surfactant comprises an alkyl polyglycoside

having an alkyl chain length which may be varied from C4 to
C18.

lo. The system set forth in Claim 15 wherein:

the concentration of said surfactant is 1n a range

e

of about 1.0% to 10.0% by weight of the total composition of

sald displacement fluid.
17. The system set forth in Claim 14 including:

a cosurfactant 1n said displacement fluid selected

from a group consisting of a linear or branch alkyl alcohol

ethoxylate, an alkyl phenol ethoxylate, amphoteric, anionic,

and cationic surfactants.

18. The system set forth in Claim 10 wherein:
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sald viscosifier 1s selected from a group consisting
of Welan gum, hydroxyethylcellulose, carboxy-methyl
hydroxyethylcellulose, attapulgite, partially hydrolized
polyacrylamide, sepiolite, bentonite, acrylamide polymers,
acrylic acid polymers, Z2-acrylamido-Z2-methylpropane sulfonic

aclid copolymers, polyvinyl pyrrolidone and silicate extenders.

19. The system set forth in Claim 10 wherein:

said dispersant 1s selected from a group consisting
of sulfonated styrene malelc anhydride, sulfonated vinyl

toluene maleic anhydride and sulfonated 1isobutylene maleic

anhydride.
20. The system set forth 1n Claim 10 wherein:

sald drive fluid comprises a chloride brine and

xanthan gum.

21. The system set forth in Claim 10 wherein:

sald buffer fluid comprises brine.
22. The system set forth in Claim 10 wherein:

the concentration of said solvent i1n said wash fluid

1s 1n the range of 20% to 50% by volume.

23. In a fluid system for displacing drilling fluid from
a wellbore, a first stage displacement fluid pill for
displacing said drilling fluid from said wellbore comprising a
dispersant, water, a viscoslifier and a surfactant comprising
an alkyl polyglycoside i1n the range of about 0.5% to 10.0% by

welight of said displacement fluid; and
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a drive fluid for driving said displacement fluid

from said wellbore comprising water and xanthan gum.

24. A method for displacing fluid from and cleaning a

g—

wellbore space of a subterranean well having a tubing string

extending therewithin, comprising steps of:

circulating a displacement fluid into said well to

displace fluid in said well therefrom;

circulating a drive fluid into said well for driving

sald displacement fluid through said well;

circulating a buffer fluid into said well after said

drive fluid; and

circulating a wash fluid for at least one of water-
based and oi1l-based wellbore contaminants i1nto said well after
sald buffer fluid, said wash fluid being provided to include

at least one of an alkyl polyglycoside surfactant, a

cosurfactant and a caustic agent.

25. The method set forth in Claim 24 including the step
of:

providing said caustic agent as one of sodium

hydroxide and potassium hydroxide.

26. The method set forth in Claim 24 1including the step
of:

clrculating a completion fluid into said well to

displace the first four mentioned fluids through said well.

27. The method set forth in Claim 24 including the step
of:
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providing sald displacement fluid with a surfactant
in the amount of about 1.0% to about 10.0% by weight of said

displacement fluid.

28. The method set forth 1n Claim 27 including the step
of:

providing sald surfactant to include a hydrophilic

group comprised of one or more anhydrous glucose units and

P
p—

lipophilic portion selected from a group consisting of a

linear alkyl chain, a branch alkyl chain which may contain one

or more double bonds or a hydroxy group and an alkyl phenol

chain.

29. The method set forth in Claim 27 including the step
of:

providing a cosurfactant selected from the group
consisting of linear alkyl alcohol ethoxylate, alkyl phenol

ethoxylate, amphoteric, anionic, and cationic surfactants.

30. The method set forth in Claim 27 including the step
of:

providing said displacement fluid with a dispersant
selected from a group consisting of sulfonated styrene maleic
anhydride, sulfonated vinyl toluene maleic anhydride and

sulfonated 1sobutylene maleic anhydride.

31. The method set forth 1n Claim 27 including the step
of:

providing said displacement fluid with one or more
viscoslifiers selected from a group consisting of Welan gum,
hydroxyethylcellulose, carboxymethyl hydroxyethylcellulose,
attapulgite, partially hydrolized polyacrylamide, sepiolite,
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bentonite, acrylamide polymers, acrylic acid polymers, 2-
acrylamido-Z2-methylpropane sulfonic acid copolymers, polyvinyl

pyrrolidone and silicate extenders.

32. The method set forth 1in Claim 24 including the step
of:

providing said drive fluid as a viscous gel

comprising water and xanthan gum.

33. The method set forth in Claim 24 including the step

h

providing said buffer fluid as a guantity of brine.
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