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DRILLING METHOD

The present invention relates to drilling of wells through a subterranean
formation, and more particularly to a method of increasing the resistance of the wellbore
wall tolfracturing during drilling operations.

Conventionally, the drilling of a2 well into the earth by rotary drilling techniques,
involves the circulation of a drilling fluid from the surface of the earth down a drill
string having a drill bit on the lower end thereof and through ports provided in the drill
bit to the well bottom and thence back to the surface through the annulus formed about
the drill string. Commonly, drilling fluids are employed that are either oil or water
based. These fluids are treated to provildc desired rheological properties which make the
fluids particularly useful in the drilling of wells.

A problem often encountered in the drilling of a well is the loss of unacceptably
large amounts of drilling fluid into subterranean fonn;:fions penctrated by the well. This
problem is often referred to generally as "lost circulation,” and the formations into
which the drilling fluid is lost are often referred to as "lost citculation zones" or "thief
zones". Various causes may be m'SponsibIe for the lost circulation encountered in the
drilling of a well. For example, a formation penetrated by the well may exhibit
unusually high permeability or may contain fractures or crevices therein. In addition, a
formation may simply not be sufficiently competent to support the pressure applied by
the drilling fluid and may break down under this pressure and sllow the dnlling fluid to
flow thereinto.

It is this latter situation where the formation is broken down by the pressure of
the dnlling fluid to which the present invention is addressed. One of the limiting factors
in drilling a particular portion of a well is the mud weight (density of the drilling fluid)
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_ that can be tsed. If too high a mud weight is used, fractures are created in the wall of

the borehole with resulting loss of drilling fluid and other operating problems. On the
other hand, if too low a mud weight is used, encroachment of formation fluids can
occur, borehole collapse may occur due to insufficient support from the fluid pressure in
the wellbore, and in extreme cases safety can be compromised due to the possibility of a
well blowout. In many cases, wells are drilled through weak or lost-circulation-prone
zones prior to reaching a potential producing zone, requiring use of a low mud weight
and installation of sequential casing strings to protcct weaker zones above a potential
producing zone. If a higher weight mud could be used in drilling through weaker or
depleted zones, then there is a potential for eliminating one or more casing strings in the
well. Elimination of even one casing string from a well provides important savings in
time, material and costs of drilling the well. Thus, there is a need for a method of
drilling boreholes using a higher mud weight than could normally be used without
encountering formation breakdown problems.

Surprisingly, it has now been found that formation breakdown during drilling
can be controlied by drilling the borehole using an ultra-low fluid loss mud with the
pressure of the drilling mud maintained at above the initial fracture pressure of the
formation whesein the fractures that are induced in the wellbore wall are bridged at or
near the mouth thereof by a solid particulate material that is added to the drilling mud
and the bridge is scaled by the accumulation of fluid loss additives in the voids between
the bridging particles and/or the precipitation of fluid loss additives onto the bridging
particles. The presence of the fluid impermeable bridge at or near the mouth of the
fracture strengthens the near wellbore region of the formation by generating a stress
cage. Thereafter, the drilling of the wellbore is continued with the pressure of the
drilling mud maintained at below the breakdown pressure of the strengthened formation.

Thus, according to a first aspect of the present invention there is provided a
method of reducing formation breakdown during the drilling of a wellbore which
method comprises:

(a) circulating a drilling mud in the wellbore comprising (i) an aqueous or oil based

"fluid, (ii} at least one fluid loss additive at a concentration effective to achieve a high

temperature high pressure (HTHP) fluid loss from the drilling mud of less than 2 m1/30
minutes and (iii) a solid particulate bridging material having an average particle
diameter of 25 to 2000 microns and a concentration of at least 0.5 pounds per barrel;

2
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(b) increasing the pressure in the wellbore to above the initial fracture pressure of the
formation such that fractures are induced in the formation and a substantially fluid
impermeable bridge comprising the solid particulate material and the fluid loss
additive(s) is formed at or near the mouth of the fractures thereby strengthening the
formation;
(c) thereafter continuing to drill the wellbore with the pressure in the wellbore
maintained at above the initial fracture pressure of the formation and below the
breakdown pressure of the strengthened formation.

" For avoidance of doubt, the strengthened formation may be a permcabie or non-
permeable formation.

Without wishing to be bound by any theory, the mechanism by which the
method of the present invention strengthens the wall of the wellbore and hence reduces
formation breakdown is that as a fracture is deliberately induced in the wellbore wall,
the solid particulate material enters and bridges the fracture at or near the mouth of the
fracture. Additives which are conventionally included in the drilling mud to reduce loss
of fluid from the drilling mud into the formation subsequently either precipitate on the
solid particulate material-that bridges the fracture or fill the voids between the solid
particulate material thereby establishing a fluid impermeable immobile mass or bridge
at or near the mouth of the fracture. Accordingly, fluid from the drilling mud can no
longer pass into the fracture and the pressure within the fracture may begin to dissipate
until jt is substantially the same as the pressure of the surrounding formation. The rate
of reduction in pressure within the fracture beyond the bridge will depend on the rock
permeability and other factors such as the supporting action of the bridge which
maintains the rock displacement caused by the fracture and the scaling action of the
bridge which prevents- fluid loss from the drilling mud into the fracture. The rock
displacement caused by the fracture places the rock in the near wellbore region of the
formation (for example, within a radial distance of up to 5 feet from the wellbore wall)
in a state of compression, thereby increasing the “hoop stress™ and generating a “stress
cage”. If there is a reduction in i:ressure in the fracture beyond the bridge, the fracture
will attempt to close and this will impart stress on the fluid impermeable immobile mass
or bridge which, in tum, leads to additional compressive stress being imparted to the
rock in the near wellbore region of the formation. The increased compressive stress in

the near wellbore region of the formation results in the wall of the wellbore having a

3



10

15

20

25

30

WO 2005012687 PCT/GB2004/003154 ° °,

greater resistance to further fracturing. The method of the present invention therefore
allows a drilling mud of higher density to be employed in drilling the wellbore than
could be used in the absence of strengthening of the formation. The method also has a
further beneficial effect of reducing loss of fluid from the drilling mud into the
formation owing to the scaling of the fractures with the fluid impermeable immobile
mass.

The method of the first aspect of the present invention differs from a
conventional “tip screen out™ in that a “tip screen out” requires the use of a high fluid
loss drilling mud so that particulate material accumulates rapidly at the fracture tip
thercby sealing the fracture and preventing further propagation of the fracture. The
person skilled in the art would therefore have concemns that the use of an uitra-low fluid
loss drilling mud would slow down deposition of pal:ticulate material at the fracture tip.
Furtherniore; there was no understanding that it may be preferable to bn'dg'e at or near
the mouth of a fracture. Thus, conventional drilling muds employed in a “tip screen
out” are designed so that the particulate material readily penetrates into the fracture to
deposit at the fracture tip. Also, a “tip screen out” does not create an effective near
wellbore “stress cage”™. Although the rock at the fracture tip would be under increased
compressive stress (owing to the accumulation of particulate material at the fracture
tip), this would not apply to the rock between the fracture tip and the mouth of the
fracture. Finaily, there was a prejudice against-using a low fluid loss drilling mud
owing to a belief that a low fluid loss mud would slow down the “rate of penetration”
while drilling. It was therefore surprising that an ultra-low fluid loss mud does not
significantly reduce the “rate of penctration™.

The fluid Joss value for the drilling mud is determined using a standard high
temperature high pressure (HTHP) fluid loss test, according to the specifications of the
American Petroleum Institute (API), as described in “Recommended Practice Standard
Procedure for Field Testing Oil-Based Drilling Fluids”, AP1 Recommended Practice
13B-2 Third Edition, February 1998, Section 5.2.1 to 5.2.3; and “Recommended
Practice Standard Procedure for Field Testing Water-Based Drilling Fluids”, AP1
Recommended Practice 13B-1 Second Edition, September 1997, Section 5.3.1 to 5.3.2.
The test employs a pressirized cell fitted with a standard hardened filter paper as a
filtration medium. The filtration behaviour of the drilling mud is determined with a
standard pressure differential across the filter paper of 500 psi. A filter cake is allowed

4
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to build up on the filter paper for 30 minutes and the volume of filtrate collected after
this 30 minute period is then recorded.. Because the filtration area (3.5 square inches) of
the pressurized cell.is half the filtration area of a standard API low temperature low
pressure (LTLP) fluid loss test (7 square inches), the filtrate volume after 30 minutes is
doubled to give a corrected API fluid loss value. Suitably, the temperature at which the
high temperature high pressure (HTHP) fluid loss test is carried out corresponds to the
temperature in the borchole. Generally, the test temperature is in the range 50 to 150°C.
By “fracture pressure” is meant the minimum fluid pressure in the wellbore at
which a fracture is created in the wellbore wall. As would be evident to the person

skilled in the art, creation of a near wellbore “stress cage™ will increase the fracture -

_ pressure of the strengthened formation. Accordingly, by “initial fracture pressure” of a

formation is meant the fracture pressure of the formation prior to creation of the “stress
cage”.- The initial fracture pressurc of a formation may be readily dcte-rrnined, for
example, from historical data.

By “breakdown pressure of the strengthened formation” is meant the maximum
fluid pressure that can be sustained within the wellbore without creating a fracture in the
strengthened formation and/or without breaking down the fluid impermeable bridge(s)
that has been formed at or near the mouth of the fracture(s).

Suitably, the pressure in the wellbore in step (c) of the method of the first aspect
of the present invention is at least 50 psi above the initial fracture pressure of the
forma.tion, preferably, at least 300 psi above the initial fracture pressure of the
formation, for example 300 to 1000 psi above the initial fracture pressure of the
formation, with the proviso that the pressure in the wellbore in step (c) is below the
breakdown pressure .oi' the strengthened formation.

As is well known to the person skilled in the art, formation pressure generally
increases with increasing depth of the wellbore. It is therefore generally necessary to
continuously increase the pressure of the drilling mud during the drilling operation, for
example, by increasing the density of the drilling mud. A problem arises when the
increased pressure of the drilling mud exceeds the initial fracture pressure of a
previously drilling formation or exceeds the initial fracture pressure of a forration that
is yet to be drilled (hereinafter referred to as “weak formation™). The method of the first
aspect of the present invention may therefore be used to strengthen such weak

formations thereby allowing the pressure of the drilling mud that is employed for

5
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completing the drilling operation to be increased to above the initial fracture pressure of
the weak formation. The method of the first aspect of the present invention is
particularly advantageous where the weak formation is a depleted formation i.c. a
formation having a decreased pore pressure owing to production of hydrocarbons
therefrom. This decrease in pore pressurc weakens the depleted formation while
neighbouring or inter-bedded low permeability formations may maintain their pore
pressure.

Thus, in a specific embodiment of the first aspect present invention there is
provided a method of reducing formation breakdown during the drilling of a wellbore
through a weak formation with a circulating drilling mud which method comprises:

(a) circulating in a wellbore a drilling mud comprising (i) an aqueous or oil based fluid,
and (i) at least one fluid loss additive at a concentration effective to achieve a high
temperature bigh pressure (HTHP) fluid loss from the drilling mud of less than 2 ml/30
minutes and (jii) a solid particulate bridging material having an average particle
diameter of 25 to 2000 microns and a concentration of at least 0.5 pounds per barrel;
(b) increasing the pressure of the drilling mud tb above the initial fracture pressure of

the weak formation such that fractures are induced in the weak fonm_tion anda

" substantially fluid impermeable bridge comprising the solid particulate material and the

fluid loss additive{s) is formed at or near the mouth of the fractures thereby
strengthening the weak formation;

(c) thereafter continuing to drill the wellbore with the pressure in the wellbore
maintained at above the initial fracture pressure of the weak.formation and below the
breakdown pressure of tht; strengthened formation.

It is cnvisaged that the wellbore may be drilled using a conventional drilling
mud until the pressure in the wellbore approaches the initial fracture pressure of the
weak formation. The conventional drilling mud is then replaced by (or converted into)
the drilling mud employed in step (a) before increasing the pressure in the wellbore to
above the initial fracture pressure of the weak formation. The conventional drilling mud
may be converted into the drilling mud employed in step (a) by adding at least one fluid
loss additive (ii) to the mud until the HTHP fluid loss value of the mud is less than2
ml/30 minutes and adding the solid particulate bridging material (iii)-to the mud in an
amount of at least 0.5 pound per barrel. Suitably, the solid particulate bridging material
(iii) may be added to a drilling mud comprising components (i) and (ii) immediately

6
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before increasing the pressu.re of the drilling mud to aboye the initial fracture pressure
of the weak formation. Thus, the drilling mud that is used to drill the wellbore until the
pressure in the wellbore approaches the initial fracture pressure of the weak formation
may comprise components (i} and (ii) in the absence of component (iii).

The weak formation may lie in a previously drilled section of the wellbore
and/or in the rock that is about to be drilled. Where the weak formation is in the rock
that is about to be drilled, it is nccessary to replace the entirc wellbore fluid with the
drilling mud employed in step (2). Thus, the weak formation is strengthened as the
wellbore is being drilled. Where the weak formation lies in a previously drilled section
of the wellbore, it is only necessary to replace the wellbore fluid in the vicinity of the
weak formation. Thus, a drilling mud having a high concentration of the particulate
solid material may be introduced into the wellbore as a “pill” and may be circulated to
the weak formation wl';ere the concentrated drilling mud composition is squeezed into
the weak formation at a pressure above the initial fracture pressure of the weak
formation so that the bridging particulate material bridges the fractures that are induced
in the wellbore wall at or near the mouth thereof. Typically, the pill- is squeezed into the
weak formation by sealing the annulus between a drill string and the wellbore wall,
raising the drill string until it lies immediately below the weak formation, and pumping
the pill into the wcllbore via the drill string until the pressure in the vicinity of the weak
formation is greater than the initial fracture pressure. Generally, the well is then shut in
for a period of up to 0.5 hour. After strengthening the weak formation, drilling of the
wellbore may be continued using a conventional drilling mud with the proviso that the
pressure in the wellbore in the vicinity of the strengthencd formation is maintained
below the breakdown pressure of the strengthened formation. Suitably, the
concentration of bridging matcrial in the pill should be at least 50 pounds per barrel,
preferably at least 80 Ib per barrel. It is also envisaged that the *pill” may be employed
as a completion fluid and may be pumped into the wellbore in advarce of a cement
when casing a wellbore.

In a further aspect of the present invention there is provided a drilling mud
co.mposition comprising (a) an aqueous or oil based fluid, (b) at least one fluid loss
additive at a concentration effective to achicve a high temperature high pressure
(HTHP) fluid loss from the drilling mud of less than 2 ml/30 minutes and (c) 2 solid

particulate bridging material having an avemée particle diameter of 25 to 2000 microns
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and a concentration of at least 0.5 pounds per barrel.

Suitably, the specific gravity of the drilling mud is in the range 0.9 to 2.5,
preferably in the range 1.0 to 2.0.

Suitably, the solid particulate bridging material that is included in the drilling
mud to bridge the fractures (hereinafter “bridging material™) comprises at least one
substantially crush resistant particulate solid such that the bridging material props open
the fractures (cracks and fissures) that are induced in the wall of the welibore. By
“crush resistant” is me.ant that the bridging material is physically strong enough to
withstand the closure stresses exerted on the fracture bridge. Preferred bridging
materials for adding to the drilling mud include graphite, calcium carbonate (preferably,
marble), dolomite (MgCO;.CaCO), celluloses, micas, proppant materials such as sands
or ceramic particles and combinations thercof. These materials are very inert and are
environmentally acceptable. It is also envisaged that a portion of the bridging material
may comprise drill cuttings having the desired average particle diameter in the range of
25 to 2000 microns.

The concentration of the bridging material may vary with the drilling mud used
anti the conditions of use. The concentration must be at least great enough for the
bridging material to rapidly bridge the fractures (i.e. cracks and fissures) that are
induced in the wall of the wellbore but should not be so high as to make circulation of
the drilling mud impractical. Suitably, the bridging material should bridge the fractures
that are induced in the wellbore wall within less than 10 seconds, preferably less than 5
seconds from when the fracture opens so that the fracture remains short. Thus, rapid
sealing of the fracture mitigates the risk of the fracture propagating. Suitably, the
concentration of bridging material in the drilling mud is at least 5 pounds per barrel,
preferably at Icast 10 pounds per barrel, more preferably at least 15 pounds per barrel,
for example, at least 30 pounds per barrel. However, as discussed above, where the
drilling mud is employed in a “pill” treatment, the concentration of the bridging
particulate material is suitably at least 50 pounds per barrel, preferably at least 80
pounds per barrel.

Suitably, the bridging material is sized so as not to enter the pores of any
permeable rock through which the wellbore is being drilled. Preferably, the bridging
material has an average particle diameter in the range 50 to 1500 microns, more
preferably 250 to 1000 microns. The bridging material may comprise substantially
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spherical particles. However, it is also envisaged that the bridging material may
comprise elongate particles, for example, rods or fibres. Where the bridging material
comprises elongate particles, the average length of the elongate particles should be such
that the elongate particles are capable of bridging the induced fractures at or near the
mouth thereof. Typically, the elongatc particles will have an average length in the range
25 to 2000 microns, preferably 50 to 1500 microns, more preferably 250 to 1000
microns.

The bridging material is sized so as to readily form a bridge at or near the mouth
of the induced fractures. Typically, the fractures that are induced in the wellbore wall
have a fracture width at the mouth in the range 0.1 to Smm. The fracture width is
dependent, amongst other factors, upon the strength (stifiness) of the formation rock and
the extent to which the pressure in the wellbore is increased to above initial fracture
pressure of the formation during the fracture induction step (b) of the method of the
present invention (in other words, the fracture width is dependent on the pressure
difference between the drilling mud and the initial fracture pressure of the formation
during the fracture induction step). It is preferred that at least a portion of the bridging
material, preferably, a major portion of the bridging material has a particie diameter
approaching the width of the fracture mouth. Preferably, the bridging material has a
broad {polydisperse) particle size distribution.

It is necessary to keep the bridging material in suspension in the drilling mud.
Generally, a drilling mud is recycled to the wellbore after removal of substantially all of
the drill cuttings. The drill cuttings may be removed using screens as would be well
known to the person skilled in the art. Typically the drilling mud is filtered using a 200
mesh size screen (US sieve serics) that retains particles having a size of greater than 74
microns. However, in the method of the present invention, it is necessary to filter the
mud using a coan_:er'screen 50 as to avoid separation of substantial amounts of the
bridging material from the mud. Suitably, the drilling mud is filtered using a 35 mesh
screen (US sieve series) that retains particles having a size of greater than 500 microns.
However, if the rheology of the mud deteriorates through the accumulation of fine drill
cuttings in the mud, it may be necessary to employ finer mesh screens for a short period
of time. Itis also envisaged that separation methods may be employed which allow the
bridging solids to be retained but a major portion of the cuttings, preferably
substantially all of the cuttings, to be separated from the drilling mud. In particular, the

9
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éuttings may be separated from the drilling mud by relying on differences in the
densities of the cuttings and the bridging particles, for example, using centrifuges or
hydrocyclones. In order to maintain the concentration of the bridging material at the
desired value in the drilling mud and/or to maintain the fluid loss value of the drilling
mud at below 2 ml/30 minutes, it may be necessary to introduce fresh bridging material
and/or fresh fluid loss additives respectively into the circulating drilling mud.
Alternatively, or in addition, fresh drilling mud may be either continuously or
intermittently added to the drilling mud that is being circulated in the wellbore.

The drilling mud has an HTHP fluid loss value of less than 2 mI/30 minutes,
preferably, less than 1 ml/30 minutes, more preferably less than 0.5 ml/30 minutes, for
example 0.1 to 0.3 ml/30 minutes. As would be well known to the person skilled in the
art, such ultra-low fluid loss valucs may be achieved by incorporating at least one fluid
loss additive in the drilling mud. Without wishing to be bound by any theory, it is
believed that the fluid loss additive(s) will build up on the solid particulate material that
bridges the fractures at or near the mouth thereof thereby forming a fluid impermeable
immobile mass. Where the solid particulate bridging material is porous, the fluid loss
additives may also enter the pores of the bridging material to seal the pores.

Suitable fluid loss additives that may be incorporated in the drilling mud of the
present inventiqn_include organic polymers of natural or synthetic origin. Suitable
polymers include starch or chemically modified stan".hes; cellulose derivatives such as
carboxymethylcellulose and polyanionic cellulose (PAC); guar gum and xanthan gum;
homopolymers and copolymers of monomers sclected from the group consisting of
acrylic acid, acrylamide, acrylamido-2-methyl propane sulfonic acid (AMPS), styrene
sulphonic acid, N-vinyl acetamide, N-vinyl pyrrolidone, and N,N-dimethylacrylamide
wherein the copolymer has'a number average molecular weight'of from 100,000 to
1,000,000, and preferably 200,000 to 500,000 asphalts (for example, sulphonated
asphalts), gilsonite; lignite and its derivative, humic acid; lignin and its derivatives such
as lignin sulfonates or condensed polymeric lignin sulfonates; and combinations thereof.
These polymeric additives are particularly suitable for use in oil based drilling muds.

-As an altemnative or, in addition, to employing such polymeric additives, the fluid loss

from the drilling mud of the present invention may be reduced by adding finely
dispersed particles such as clays (for example, illite, kaolinite, bentonite, or sepiolite) to
the drilling mud. Suitably, the finely dispersed particles have an average particle size of
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less than 10 microns, preferably, Jess than 5 microns, for example, about 1 micron.
Preferably, the drilling mud contains a smooth/continuous range of particle sizes
ranging from about 1 micron for the finely dispersed particulate fluid loss additives to
an average particle diameter of the bridging material of up to 2000 microns i.e. has a
broad (polydisperse) particle size distribution.

Itis envisa-ged that an oil based drilling mud may co;ltain a sig::iﬁ;:ant amount of
a discontinuous water phase dispersed in a continuous oil phase by means of at least one
emulsifier (2 water-in-oil emulsion). The fluid loss value of such drilling muds may
vary depending upon the oil to water ratio and the nature of the emulsifier(s) employed
to form the water-in-oil emulsion (and hence on the size of the dispersed water
droplets). Preferably, the water content of the drilling mud is in the range 80:20 to
50:50, more preferably 70:30 to 55:45. Preferred emulsifiers include imidazolines, fatty
acids and combinations thereof.

Particularly preferred ultra-low fluid loss oil based drilling muds are described -
in SPE 77446, “Towards Zero Fluid Loss Oil Based Muds”, M Aston, P Mihalik, }
Tunbridge and S Clarke, published 2002, which is herein incorporated by reference.

The cffectiveness of the metliod of the present invention has been demonstrated
in both laboratory and field conditions as shown by the following Examples.

Example 1

Qil based mud formulations were evaluated in the labomtory by injecting
differcnt drilling muds into a model fracture (as described in SPE/IADC 87130,
“Drilling Fuids for Wellbore Strengthening, 2-4 March 2004, M S Aston et al). The
model fracture was formed from two rectangular—shﬁped rock pieces (of 0.3 milliDarcy
permeability “Ohio” sandstone). Each rock piece had approximate dimensions of S5cm
width x 20cm length x 1cm breadth. The two rock pieces were sandwiched together to
create a fracture having a mouth aperture of mm with the aperture of the fracture
tapering to 0.5mm at the far end thereof (fracture tip). A valve was provided at the exit
from the fracture tip such that the fracture tip could be open or scaled. The rock -
sandwich was placed in a purpose-built holder that was supported in a load frame within
a test cell. The fracture width was maintained constant using fixed spacers. The fluid
pressurc within the fracture was measured just inside the mouth of the fracture using a
pressure transducer. Initially, the fracture and the pore spaces in the rock were filled
with a clear fluid (water) and the system was heated to a temperature of 60°C. A

11
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pressure of about 100 psi was applied to compress any air in the system. Drilling mud
was then injected at a pressure of 400 psi into the mouth of the fracture with the fracture
tip open (to give a differential pressure across the fracture of 300 psi). After 3 minutes,
the exit from the fracture tip v'vas_closed using the valve so that pressure could build up
inside the fracture (n.b. the initial driving force for bridge formation at the fracture
mouth was fluid leak-off through the fracture tip). The injection pressure was then
increased stepwise to 2000 psi. A low pressure measured on the pressure transducer
indicated an effective scal at the mouth of the fracture.

The results shown in Table 1 below compare the pressures measured just inside
the fracture mouth for different drilling muds employed in the above test procedure.
The pressure just inside the fracture mouth was measured after a steady value was
reached at each injection pressure.,

12
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Table 1 — Effectiveness of drilling muds in sealing a model fracture

Mud System Pressure just inside fracture mouth,
' measured after different mud

injection pressures (IP) in psi

IP 400 | IP 1000 { IP 2000

Mud | (Comparative) Base mud plus bridging 300 900 1900
particulate material mix
A; API HTHP uid loss =
3mls/30 minutes at a

temperature of 60°C

Mud 2 ) As mud 1, but containing 10 30 1900
5Ib/bbl Pliolite, APl
HTHP fluid loss =03
mls/30 minutes ata

temperature of 60°C

Mud 3 Base mud plus bridging 0 0 0
particulatc material mix B
plus 51b/bbl Pliolite, API
HTHP fluid loss = 0.1
mls/30 minutes at a

temperature of 60°C

Mud 2 forms a more effective seal than Mud 1 (Comparative). This was
achieved by reducing the API HTHP fluid loss of the mud system from 3 ml/30 minutes
to 0.3 mis/30 minutes. Mud 3 achieved a total seal at the mouth of the fracture by using
an improved bridging particulate material mix in a mud having an APY HTHP fluid loss
of 0.1 mis/30 minutes.

The formulation for the base mud cmployed in the above tests was as follows:

Minenal oil: 0.517 bbls '
Versamul™ {emuisifier, ex MI) 4.7 Ib/bbl
Versawet™ (wetting agent, ex MI) 7 Ib/bbl

13
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15. A dnlling mud composition as claimed in any one of Claims 12 to 14 wherein
the concentration of the solid particulate bridging material is at least 10 pounds per
bamel, preferably at least 15 pounds per barrel.

16. A drilling mud composition as claimed in any one of claims 12 to 15 wherein
the solid particulate bridging material has an average particle diameter in the range 50 to
1500 microns. .

17. A drlling mud oompositién as claimed in any one of Claims 12 to 16 having an
HTHP fluid loss value of less than | ml/30 minutes, preferably less than 0.5 ml/30
minutes.

18. A drilling mud composition as claimed in any one of Claims 12 to 17 wherein

the fluid loss additive(s) is selected from organic polymers of natural or synthetic origin
and fincly dispersed clays, )
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METODO DE PERFORACION

La presente invencidn se refiere a la perforacién de pozos a través de una
formacién sublerrinea y. mdis parlicularmentc a un métedo para aumentar la
resistencia a la fraclura de la pared del pozo durante Ias operaciones de perforacién.

La perforacion de un pozo en Ia ticrra mediante técnicas de perforacibn
rotativa implica convencionalmente la circulacidn de un fluido de perforacién desde
la superficie de la ticrra, descendentemente por una sarta de perforacin que tiene un
trépano de perforacién cn cl cxtremo inferior de la misma, y a través de orificios
previstos en el trépano, hasta el fondo del pozo y desde aqui de nuevo hacia la
superficic a través de la corona anular formada alrededor de la sarta de perforacion.
Generalmente se emplean fluidos dc perforacién que estin basados bien en petréico
o bien en agua. Dichos fluidos son tratados para proporcionar propiedades reolégicas
deseadas que hagan quc los fluidos resulten particularmente dtiles en la perforacién
de pozos.

Un problema encontrado frecuentementic cn la perforacién de un pozo es la
pérdida de cantidadcs inaceplablemente alias de lNuido de perforacién dentro de las
formaciones subterrineas penciradas por cl pozo. Este problema suele conocerse
generalmente como “pérdida de circulacion™ y las formaciones en las cuales se

pierde el fluido de perforacién suclen rclerirsc como “zonas de pérdida de

_ circulaciéon™ o “zonas dc cscape”. Varias causas pucden ser las responsables de la

pérdida de circulacion encontruda en la perforacién de un pozo. Por ejemplo, una
formacién penctrada por ¢l pozo puede exhibir una permeabilidad desusualmente
elevada o pucde contener fracturas o fisuras en la misma. Ademds, puede que una
formacién simplementc no sca lo suficicniemente competente para soportar la

presion aplicada por el fluido de perforacién y pucde desplomarse bajo csta presion y
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permitir que cl fluido de perforacién fluyva al interior de la misma.

La presente invencion estd dirigida a csta dltima situacién en donde la
formacién se desploma por la presién del fluido de perforacién. Uno de los factores
limitativos en la perforacién de una porcién particular de un pozo es el peso del lodo
de circulacién (densidad del fluido de perforacién) que puede ser utilizado. Si se
emplea un peso de lodo demasiado elevado, se crean fracturas en la pared del pozo
con Ia consccucnte pérdida de fluido de perforacién y otros problemas operativos.

Por otro lado, si se emplca un peso de lodo demasiado bajo, puede presentarse una
. invasion de fluidos en la formacién, puede derrumbarse el pozo como consecuencia
del soporte insuficiente {renic a la presion de fluido en el pozo y, en casos extremos,
la seguridad pucde versc comprometida debido a la posibilidad de una erupcion del
pozo. En muchos casos. los pozos son perforados a través de zonas débiles o
expuestas a la pérdida de circulacién antes d¢ alcanzar una zona de produccién
potencial, requiricndo ello ¢l uso de un peso bajo de lodo y la instalacion de sartas de
entubado parn proteger las zonas mas débiles situadas por encima de una zona de
produccién potcncial. En ¢l caso dc que pudicra ecmplearse un mayor peso de lodo en
la perforacién a través dc zonas mas débiles o agotadas, existe entonces el potencial
de eliminar una o més sartas de entubado en el pozo. La eliminacién de incluso una
sola sarta dc entubado dc un pozo proporciona ahorros importanies en cuanto a
tiempo, material v costes de perforucion del pozo. De este modo, existe la necesidad
de disponer dc un métwlo para la perforacion de pozos en donde se utilice un peso de
lodo mayor que aquel que podria utilizarse normalmente sin que surjan problemas de
desplome de la formacion.

De manera sorprendente, se ha comprobado ahora que el desplome de la

formacién durante la perforacién se puede controlar mediante la perforacién del pozo
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utilizando un lodo de pérdida de fluido ultra-baja y manteniendo la presién del lodo
de perforacion por encima dc la presion de fractura inicial de la formacién y en
donde las fracturas que son inducidas cn la pared del pozo son puenteadas en o cerca
de la boca del mismo mcdiante un matcrial de macroparticulas sélidas que se aflade
al lodo de perforacién y cn donde cl puentc es sellado por [a acumulacién de aditivos
para controlar la pérdida de fluido cn los vacios existentes entre las particulas que
efectdan el pucnte y/o la precipitacidn de aditivos para controlar la pérdida de fluido
sobre las particulas quc cfectian cl puente. La presencia del puente impermeable al
fluido en o cerea de la boca de la fractura forlalece la regidn de la formacién préxima
al pozo al generar una jaula de tensiones. A continuacion, se contintGa la perforacién
del pozo manteniendo la presién del lodo de perforacion por debajo de la presion de
desplome de [a formacidn asi consolidada.

De este modo, dc acucrdo con un primer aspecto de la presente invencion se
proporciona un método para reducir el desplome de una formacién durante la
perforacién de un pozo, cuyo método comprende:

(a) hacer circular por ¢l pozo un lodo dc perforacién que comprende (i) un fluido a
base de apua o petrdlco. (ii) al menos un aditivo para controlar la pérdida de fluido
en una concentracion cficaz para conscguir una pérdida de fluido a elevada
temperatura y elevada presién (HTHP) a partir del lodo de perforacién menor de 2
ml/30 minutos y (iii) un material de puenic en macroparticulas solidas que tiene un
didmetro medio de particula de 25 a 2.000 micrémetros y una concentracion de al
menos 0,5 libras por barril;

(b) aumentar la prcsién cn cl pozo a un valor por encima de la presién de fractura
inicial de la formaci6n, dc mancra que se inducen fracturas en la formacién y se

forma un puente sustancialmente impenneable al fluido que comprende ¢l material

(7
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en macroparticulas sélidas y el aditivo o aditivos para controlar la pérdida de fluido
en o cerca de la boca de las fracturas, con lo que la formacidn resuita asi fortalecida;
(c) continuar entonces la perforacién del pozo mantcnicndo la presién-en el mismo
por encima de la presion de fractura inicial de la formacién y por debajo de la
presién de desplome de la formacién fortalecida.

Para cvitar dudus, la formacién foralecida puede ser una formacion
permeable o no permeable.

Sin animo de quedar limitados por cualquier teorfa en particular, el
mecanismo por cl cual ¢l método de la presente invencién fortalece la pared del pozo
y por tanto reduce el desplome de la formacion es que, a medida que se induce
deliberadamente una fractura en la pared dcl pozo, el material en macroparticulas
sélidas entra cn la fraclura y la pucntea en o cerca de la boca de la fractura. Los
aditivos que tradicionalmentc se incluyen en el lodo dc perforacidn para controlar la
pérdida de fluido desde cl lodo de perforacion al intcrior de la formacidn, precipitan
posteriormente sobre el material cn macroparticulas s6lidas que puentea la fractura o
rellena los vaclos cxistentes entre el matcrial en macroparticulas sélidas,
estableciendo con ello una masa o puente inmdvil impermeable al fluido en o cerca
de la boca de la fractura. Por tanto. ¢l Fluido procedente del lodo de perforacién ya no
puede pasar al interior dc la fractura y la presién dentro de la fractura puede
comenzar a disiparse huasta quc llega a ser sustancialmente la misma que la presion
de la formacion circundante. La velocidad de reduccion de la presion dentro de la
fractura, mds alld del pucnte, dependerd de la pcrmeabilidad de la roca y de otros
factores, tales como la accién de soporte del puente que mantiene el desplazamiento
de Ia roca causado por la fractura y la accién de sellado del puente que evita la

pérdida dc fluido desdc el lodo dc perforacidn al interior de la fractura. El
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desplazamiento de la roca causado por la fruclura hace que la roca en la regién de la
formacién proxima al pozo (por cjemplo, dentro de una distancia radial de hasta 5
pies desde la pared del pozo) sc encucntre en un estado de compresion, aumentando
con ello la “tensi6én circunfcrencial” y generando una “jaula de tensiones”. En el caso
de que exista una reduccion dec presidn en la fractura més alld del puente, la fractura
intentard cerrarse v ello impartid tension sobre la masa o puente inmévil
impermeable al fluido lo cual. a su vcz. conduce a impartir una tensién de
compresion adicional cn la roca en la regidn de la formacién proxima al pozo. La
mayor tensién de compresién en la regién de la formacion proxima al pozo hace que
la pared dcl pozo tenga una mayor resisienciz {rentc a una fractura adicional. Por
tanto, el método de la presente invencién permite utilizar, en la perforacién del pozo,
un lodo dec perforacién de mayor densidad que aquel que podria utilizarse en
ausencia dc fortalecimiento de la formacién. El método presenta también el efecto
beneficioso adicional dc reducir la pérdida de Auido desde el lodo de perforaci6n al
interior de la formacién dcbido al scllado de las fracturas con la masa inmévil
impermeable al fluido.

El mélodo dc! primer aspeclo de la presente invencién difiere de un
“apantallamiento” de la extremidad de la fractura en que dicho “apantallamiento”
requiere el uso de un lodo de perforacion de ala pérdida de fluido, de manera que el
material en macroparticulas se acumula ripidamentc en la extremidad de la fractura,
sellando con ello la fractura ¥ evitando que esta altima se propague alin més. Por
tanto, el experto cn la malcria podri comprender que el uso de un lodo de
perforacién de pérdida de fluido ulira-baja decelerard la deposicion de material en
macroparticulas en la extremidad de la fractura. Ademds, no existe conocimiento

alguno del por qué puede scr preferible realizar el puente en o cerca de la boca de

4
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una fractura. De esle modo. los lodos de perforacién convencionales utilizados en un
“apantallamiento™ de la extremidad de la fractura estdn diseflados de manera que el
material cn macroparticulas penetra ficiimente en la fractura para depositarse en la
extremidad de la misma. Igualmente, un “apantaliamicnto” de la extremidad de la
fractura no crea una “jaula de tensiones” eficaz cerca del pozo. Aunque la roca en la
extremidad de la fractura sc cncontrard bajo una mayor tensién por compresién
(debido a la acumulacién de material en macroparticulas cn la extremidad de la
fractura), dicha tensién no sc aplicard a la roca entre la cxtremidad de la fractura y la
boca de la fractura. Por Gltimo, ha existido un prejuicio contra el uso de un lodo de
perforacion de baja pérdida de fluido debido a la creencia de que un lodo de baja
pérdida de fluido deceleraria la “velocidad de penctracién” mientras se realiza la
operacion de perforacién. Por tanto, resultd sorprendente que un lodo de pérdida de
fluido ultra-baja no reduzca de mancra importante la “velocidad de penetracién”.

El valor dc la pérdida de fluido para el lodo de perforacién se determina
empleando un ensayo normalizado de la pérdida de fluido a clevada temperatura y
clevada presion (HTHP) dc acuerdo con las especificaciones del American
Petroleum Institute (API), como se describe en “Recommended Practice Standard
Procedure for Ficld Testing Qil-Based Drilling Fluids”, APl Recommended Practice
13B-2 Tercera Edicién. Fcbhrero 1998, Scecion 5.2.1 a 5.2.3; y “Recommended
Practice Standard Procedurc for Ficld Testing Oil-Based Drilling Fluids®, API
Recommended Practice 13B-1 Scgunda Edicidn, Septiembre 1997, Seccién 5.3.1 a
5.3.2. El ensayo utiliza una cuba a presion equipada con un papel de filtro endurecido
normalizado como medio dc filtracion. El comportamiento de filtracién del lodo de
perforacién se determina con un diferencial de presién normalizado de un lado & otro

del papel de filtro de 500 psi. Sc deja que se forme una torta de filtracién sobre el
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papel de filiro durante 30 minutos v sc anota entonces el volumen de filtrado
recogido después de dicho periodo de 30 minutos. Debido a que el drea de filtracién
(3,5 pulgadas cuadradas) de lu cuba a presion cs la mitad del drea de filtracién de un
ensayo de pérdida de fluido a baja temperatura y baja presion (LTLP) segn la norma
API (7 pulgadas cuadradss). ¢l volumen de filtrado después de 30 minutos se duplica
para proporcionar un valor corregido de la pérdida de fluido API. Convenientemente,
la temperatura a la cual sc cfectia ¢l ensayo de pérdida de fluido a elevada
temperatura y clevada presion (HTHP) correspondc a la temperatura existente en el
pozo. Gencralmente, la temperatura del cnsayo s del orden de 50 a 150° C.

Por el término “presién de fractura™ se quiere dar a entender la presién
minima dcl fluido en el pozo a la cual sc crea una fractura en la pared del pozo.
Como resultard evidente para cl experto en la matcria, la creacion de una “jaula de
tensiones” ccrca del pozo aumecntard la presion de fractura de la formacion
fortalecida. En consecuencia, por la cxpresion “prcsién de fractura inicial” de una
formaci6n se quiere dar a entender la presién de fractura de la formacién antes de la
creacién dc la “jaula de tensiones™. La presion de fractura inicial de una formacion se
puede determinar fiacilmente, por cjemplo, a partir de datos histdricos.

Por la expresion “presion de desplome de la formacién fortalecida” se quiere
dar a entender la presion midxima del Muido que pucde sostenerse dentro del pozo sin
crear una [ractura cn la formucién fortalecida y/o sin que se desplome el puente o
puentes impermcables al fluido que se han formado en o cerca de la boca de la
fractura o fracluras.

Adecuadamente. lu presion cn el pozo cn la ctapa (c) del método del primer
aspecto de la presentc invencion es de al menos 50 psi por encima de la presion de

fractura inicial de la formacion. con preferencia de al menos 300 psi por encima de la
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presidn de fractura inicial de la formacion, por cjemplo de 300 a 1.000 psi por
encima de la presién de fractura inicial de la formacion, con la condicién de que la
presion en el pozo cn la ctapa (c) sc encucntre por debajo de la presién de desplome
de la formacion fortalecida.

Como es bicn conocido paru ¢l cxperto en la materia, la presién en la
formacién aumenta gencralmente con el incremento de la profundidad del pozo. Por
tanto, generalmente es nccesario aumentar de forma continua la presién del lodo de
perforacién durantc la opcracidn de perforacion, por ejemplo, aumentando la
densidad del lodo dc perforacién. Surge un problema cuando la presién incrementada
del lodo de perforacion cxcede dc la presién de fractura inicial de una formacién
previamentc perforada o cxcede de la presidn de fractura inicial de una formacién
que todavin no ha sido perforada (referida de aqul en adelante como “formacion
débil™). Por tanto, ¢l méiodo dcl primer aspecto de la presente invencién se puede
emplear para fortalccer dichas formacioncs dcbiles, permitiendo con ello que la
presién del lodo de perforacién que se uliliza para completar la operacién de
perforacion pueda aumentarse a un valor por encima de la presién de fractura inicial
de Ia formacién débil. El método del primer aspecto de la presente invencién resulta
particularmentc ventajoso cuando la formacién débil es una formacioén agotada, es
decir, una formacién quc ticne una menor presion en los poros debido a la
produceion de hidrocarburos a partir de la misma. Este descenso de Ia presién en los
poros debilita la formacion agotada, micntras quc las formaciones de baja
permeabilidad proximas o intcrcaladas pueden mantener su presién en los poros.

De estc modo. cn una modalidad especifica del primer aspecto de la presente
invencién, se proporciona un método para reducir el desplome de una formacién

durante la perforacion de un pozo a través de una formacién débil con un lodo de
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perforacién en circulacidn. cuyo método comprende:

(a) hacer circular por cl pozo un lodo dc perforacién que comprende (i) un fluido a
base de agua o petrolco. (ii) al menos un aditivo para controlar la pérdida de fluido
en una concentracidn cficaz para conseguir una pérdida de fluido a elevada
temperatura v elevada presion (HTHP) a partir del lodo de perforacién menor de 2
ml/30 minutos y (iii) un material de puentc cn macroparticulas sélidas que tiene un
didmetro medio de particula de 25 a 2.000 micrometros y una concentracién de al
menos 0,5 libras por barril;

(b) aumentar la presién dcl lodo dc perforacion a un valor por encima de la presién
de fractura inicial de Ia lonnacién débil. de maner que se inducen fraciuras en la
formacién débil v se fonna un puentc sustancialmentc impermeable al fluido que
comprende el material cn macroparticulas sélidas y el aditivo o aditivos para
controlar la pérdida de fluido cn o cerca de la boca de las fracturas, con lo que la
formacion débil resulta asi fortalecida;

{c) continuer entonces la perforucién del poze mantcnicndo la presién en el mismo
por encima de la presion de Iractura inicial de la formacién débil y por debajo de la
presién de desplome de la formucién fonalecida.

Quecda contemplado que el pozo puede ser perforado empleando un lodo de
perforacioén convencional hasta quc la presion en ¢l pozo sc aproxime a a presién de
fractura inicial de la formacidn débil. El lodo dc perforacién convencional se
sustituye entonces por (0 s¢ convieric en) ¢l lodo de perforacién empleado en la
etapa (a) antes de aumcentar la presion en el pozo a un valor por encima de la presién
de fractura inicial de la fonnacién débil. EI lodo de perforacién convencional se
puede convertir cn ¢l lodo de perforacion empleado en la etapa (a) afiadiendo al lodo

un aditivo para controlar 1a pérdida de fluido (ii) hasta que el valor de la pérdida de
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fluido HTHP es menor de 2 ml/30 minutos y afadiendo al lodo el material en
macroparticulas sélidas que efectia cl puente (jii) en una cantidad de al menos 0,5
libras por barril. Convenicntcmente, ¢l malcrial en macroparticulas slidas que
efectda el pucnte (iii)} sc pucde afadir a un lodo de perforacién que comprende los
componentcs (i) y (ii) inmediatamecnte antcs dc aumcntar la presién del lodo de
perforacion a un valor por encima de la presion de fractura inicial de la formacién
débil. De csic modo, el lodo de perforacién que sc emplca para perforar el pozo hasta
que la presién en cl pozo sc aproxima a la presion de fractura inicial de la formacién
débil, puede comprender los componentes (i) y (iii} en ausencia del componente (ii).

La formacién débil pucde residir cn una seccién del pozo previamente
perforada y/o cn la roca quc proximamente ha de ser perforada. Cuando la formacién
débil se cncuentra en la roca que ha de scr proximamente perforada, es necesario
sustituir todo cl fluido del pozo por el fluido de perforacion cmpleado en la etapa (a).
De este modo, la formacidn débil es fortalecida a medida que se perfora el pozo.
Cuando la formacién débil sc cncuentra en una seccion del pozo previamente
perforada, solo es necesario sustituir el {luido del pozo en la proximidad de la
formacién débil. De estec modo, se puede introducir en el pozo, como una “plldora”,
un lodo de perforacién quc ticne una alta concentracién del material sdlido en
macroparticulas y s¢ puede hacer circular hacia la formacion débil en donde la
composicién concentrada decl lodo de perforacién es comprimida al interior de la
formacién débil a una presion por encima de la presion de fractura inicial de la
formacion débil. de manera que cl material cn macroparticulas puentea las fracturas
que son inducidas en la parcd del pozo en o cerca de la boca del mismo.
Habitualmentc, la pildora sc comprime al interior de la formacidn débil sellando la

corona anular entre una surta de perforacion y la pared del pozo, subiendo la sarta de

M
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perforacion hasta que se cncuentra inmediatamente por debajo de la formacién débil
y bombeando la pildora al interior del pozo por medio de la sarta de perforacién
hasta que ia presion cn la proximidad de la formacidn débil es mayor que la presion
de fractura inicial. En general, el pozo sc paraliza entonces durante un periodo de
hasta 0,5 horas. Después de fortalecer la formacién débil, se puede continuar la
perforacion del pozo emplcando un lodo de perforacién convencional, siempre que la
presién en el pozo, en I proximidad de la formacién fortalecida, se mantenga por
debajo de la presién de desplome de la formacion fortalecida. Adecuadamente, la
concentracién en la pildora del material que cfectta cl puentc deberé ser de al menos
50 libras por barril, con preferencia de al menos 80 libras por barril. Queda también
contemplado quec la “pildora” se pucde emplcar como un fluido de terminacién y
puede ser bombceada al interior del pozo con anterioridad a la aplicacién de un
cemento cuando se entuba ¢l pozo.

En otro aspccto de la presenie invencion, se proporciona una composicion de
lodo de perforacién que comprende (a) un fluido a base de agua o petréleo, (b) al
menos un aditivo para controlar la pérdida de fluido cn una concentracion eficaz para
conseguir una pérdida dc fluido a clevada tempcratura y elevada presién (HTHP) a
partir del lodo de perforacion menor de 2 mi/30 minutos y (c) un material de puente
en macroparticulas sélidas que tienc un didmetro medio de particula de 25 a 2.000
micrdmetros y una concentracion de al menos 0.5 libras por barril.

Adccuadamente, la densidad especifica del lodo de perforacion es del orden
de 0,9 a 2,5, con preferencia del orden de 1,05 2,0.

Convenientemente, ¢l material sélido en macroparticulas que efectGa el
puente y que sc incluye cn ¢l lodo de perforacidn para pueniear las fracturas (de aqul

en adelantc “material de pucnte”) comprende al menos un sélido en macroparticulas
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sustancialmenic resistentc a la triwracién. de manera que el material de puente
mantienc abicrtas las fracturas (grictas y fisuras) que son inducidas en la pared del
pozo. Por el término “resistentc a la triluracién” sc quiere dar a entender que el
material de puente cs fisicamente lo suficientemente fuerte para soportar las
tensiones de cierre ejercidas sobre ¢l puenic de la fractura. Materiales de puente
preferidos para ailadirsc al lodo de perforacion incluyen grafito, carbonato céicico
(preferentcmente, mdrmol), dolomita (MgCO;-CaCO;), celulosas, micas, materiales
consolidantes tales como arcnas o particulas cerdmicas y combinaciones de los
anteriores. Estos materiales son muy incrics y son accptlables desde el punto de vista
medioambiental. Tembién quceda contemplado que una porcién del material de
puente puede comprender detritos de perforacidn que tienen el didmetro medio de
particula deseado del orden de 25 a 2.000 micrémetros.

La concentracion del material dc puente puede variar con el lodo de
perforacién empleado y con las condicioncs de uso. La concentracion ha de ser al
menos lo suficientementc grande para quc ¢! material de puente puentee rdpidamente
las fracturas (es decir, grictas y fisuras) que son inducidas en la pared del pozo, pero
no deberd ser tan elcvada quc haga impracticable la circulacién del lodo de
perforacion. Adccuadamente. ¢l matcrial de puente deberd puentear las fracturas que
son inducidas cn la pared del pozo cn un plazo menor de 10 segundos, con
preferencia menor de 5 segundos desde quc se abre la fractura, de manera que la
fractura sc mantenga durantc un corto periodo. De este modo, el sellado rdpido de la
fractura mitiga el ricsgo de que sc propaguc la {ractura. Convenientemente, la
concentracién del material de puente cn el lodo de perforacion es de al menos §
libras por barril, con prefcrencia de al menos 10 libras por barmril, més

preferenicmente de al menos |5 libras por barril, por ejemplo, al menos 30 libras por
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barril. Sin embargo. como sc¢ ha indicado anteriormente, cuando el lodo de
perforaci6n se emplea en un tratamicnto con “pildoras”, la concentracién del material
de puente en macroparticulas ¢cs adecuadamente de al menos 50 libras por barril, con
preferencia de al menos 80 libras por barril.

Adecuadamenie, ¢l material de puente presenta unas dimensiones tales que no
penetra por los poros dc cualquicr roca pecrmeable a través de la cual estd siendo
perforado el pozo. Con prelerencia, el material de puente tiene un didmetro medio de
particule del orden dc 50 a 1.500 micrémelros, més preferentemente de 250 a 1.000
microdmetros. El maicrial de puente pucde comprender particulas sustancialmente
esféricas. Sin cmbargo queda también contemplado que el material de puente puede
comprender particulas alargadas, por cjemplo, varillas o fibras. Cuando el material
de puentc comprende particulas alargadas, la longitud media de las mismas deberd
ser tal quc las particulas alargadas scan capaccs de puentear las fracturas inducidas o
cerca de la boca de lus mismas. Generalmente, las particulas alargadas tendrdn una
longitud media dcl orden de 25 a 2.000 micrometros, con preferencia de 50 a 1.500
micrémetros y mds preferentemente de 250 a 1.000 micrémetros.

El material de pucenic ticne unas dimensiones tales que forma ficilmente un
puente en o cerca de la boca de las fraclures inducidas. Normalmente, las fracturas
que son inducidas cn la parcd del pozo ticnen un ancho en la boca del orden de 0,1 a
5 mm. E! ancho dc la fractura depende. entre otros factores, de Ia resistencia (rigidez)
de 1a roca de la formacién y del grado en cl cual se aumenta la presidn en el pozo a
un valor por encima de la presion de fractura inicial de la formacién durante la etapa
de induccién de la fractura (b) del método de la presente invencién (en otras
palabras, el ancho de la fractura depende de la difcrencia de presidn entre el lodo de

perforacion y la presion de fractura inicial de la formacién durante la ctapa de
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induccion de las fracluras). Es preferible quc al menos una porcion del material de
puente, prefcrentemente una porcidn principul del material de puente, tenga un
didmetro de particula quec sc aproxime al ancho de la boca de la fractura. Con
preferencia, el material de puente ticne una distribucién de tamafio de particula
amplia (polidispersa).

Es nccesario maniener ¢l material dc puente cn suspensién en el lodo de
perforacion. En pgeneral. ¢l lodo de perforacién cs reciclado al pozo después de
separar practicamenic la totalidad de los detritos de perforacién, Los detritos de
perforacion pueden ser scparados cmpleando tamices como resulta bien conocido
para el cxperto en la matcria. Normalmente, el lodo de perforacién se filtra
empleando un tamiz dec tamafio de malla 200 (seric de tamices US) que retiene
particulas quc tienen un tamaflo mavor dc 74 micrémetros. Sin embargo, en el
método de la presente invencion, es necesario filtrar el lodo empleando un tamiz mds
basto con el fin de evitar la separacién del lodo de cantidades importantes del
material de puente. Convenicniemente, ¢l lodo de perforacion se filtra empleando un
tamiz de malla 35 (seric dc tamices US) que retiene particulas que tienen un tamafio
mayor de 500 micrébmetros. Sin cmbargo, si la reologia del lodo se deteriora a través
de la acumulacién en cl lodo de detritos finos dc la perforacion, puede ser necesario
emplear tamices de malla mds {ina durante un corlo periodo de tiempo. También
queda contemplado quc pucdcn emplcarse métodos de separacién que permitan la
retencion de los sdlidos de matcrial de pucnic pero que puedan separar del lodo de
perforacién una porcién principal de los defritos, con preferencia pricticamente todos
los detritos. En particular. los detritos se pucden scparar del lodo de perforacién en
base a diferencias cn las densidades de los detritos y de las particulas de puente, por

ejemplo, empleando centrifugas o hidrociclones. Con el fin de mantener la
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concentracion del material de puente cn el valor deseado en el lodo de perforacién
y/o mantener ¢l valor de pérdida de fluido del lodo de perforacién por debajo de 2
mlf30 minutos, puede ser necesario introducir material de puente nuevo y/o aditivos
nuevos para controlar la pérdida dc fluido, respectivamente, en el lodo de perforacion
en circulacion. Alternativa o adicionalmente, se puede afadir lodo de perforacién
nuevo, bicn de forma continua o bicn de forma intermitente, al lodo de perforacién
que estd circulando por cl pozo.

El lodo de perloracién tiene un valor de pérdida de fluido HTHP menor de 2
ml/30 minutos, con prefcrencia menor de 1 ml/30 minutos, mis preferentemente
menor dc 0,5 m1/30 minuwtos, por ¢jcmplo de 0,1 a 0,3 mI/30 minutos. Como resultard
evidente para e! cxperto cn la materia, dichos valores de pérdida de fluido ultra-bajos
se pueden conseguir incorporando en cl lodo dc perforacion al menos un aditivo para
controlar la pérdida de fluido. Sin quc cllo suponga una limitacién a una teorfa en
particular, se crec quc ¢l aditivo o aditivos para controlar la pérdids de fluido se
acumulara sobre cl material sélido en macroparticulas que puentea las fracturas en o
cerca de la boca de las mismas, formando con cllo una masa inmdvil impermeable al
fluido. Cuando el materia! sélido cn macroparticulas que efectiia el puente es poroso,
los aditivos para controlar la pérdida dc fluido pueden entrar también en los poros del
material de puente para sellar los poros.

Aditivos adecuados para controlar la pérdida de fluido que pueden
incorporarse en cl lodo de perforacién de la presente invencién incluyen polfmeros
orgdnicos de origen natural o sintético. Polimeros adccuados incluyen almidén o
almidones quimicamcnic modificados; derivados de cclulosa tales como
carboximetilcclulosa y cclulosz polianiénica (PAC); goma guar y goma de xantano;

homopollmeros y copolimeros de mondmeros scleccionados del grupo consistente en
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&cido acrilico, acrilamida, acido archilumido-2-metilpropanosulfénico (AMPS),
dcido  cstirenosulfénico,  N-vinilacetamida, N-vinilpirrolidona y N,N-
dimetilacrilamida, en donde ¢l copolimero ticne un peso molecular medio en nimero
de 100.000 a 1.000.000 v con preferencia de 200.000 a 500.000; esfaltos (por
ejemplo, asfaltos sulfonados); gilsonila; lignito y sus derivados, dcido himico;
lignina v sus derivados tales como ligninsulionatos o ligninsulfonatos poliméricos
condensados; y combinaciones dc los anicriores. Estos aditivos poliméricos son
particularmente adccuados para utilizarse cn lodos de perforacién a base de petrdleo.
Como alternativa o. en adicién, al empleo dc dichos aditivos poliméricos, la pérdida
de fluido del lodo de perforacion dc la presente invencion se puede reducir afladiendo
al lodo de perforucion particulas finamenic dispersas tales como arcillas (por
¢jemplo, ilita, caolinina. bentonita o scpiolita). Adecuadamente, las particulas
finamentc dispersas tiencn un tamaiio medio de particula menor de 10 micrémetros,
con prefercncia menor de 5 micrdmetros, por cjemplo de 1 micrémetro
aproximadamente. Prclerentemente, el lodo de perforucién contiene un intervalo
uniforme/continuo de tamaflos de particula que oscila desde 1 micrémetro
aproximadamente parn los aditivos reductores de la pérdida de fluido a un didmetro
medio de particula dcl material de pucnte dc hasta 2.000 micrémetros, es decir,
presenta una distribucién del tamaio de particula amplia (polidispersa).

Qucda contemplado que un lodo dc perforacién a basc de petréleo puede
contener una cantidad importantc de una fase acuosa discontinua dispersada en una
fase oleosa continua por medio de al menos un emulsionante (una emulsién de agua
en aceite). El valor dc la pérdida de fluido de dichos lodos de perforacién puede
variar en funcién dc ls rclacion dc petrdleo a agua y de la naturaleza del

emulsionante o emulsionanics utilizados para fonnar la emulsidn de agua en aceite (y



-18-

por tanto del tamafo dc las gotitas dispersas dc agua). Con preferencia, el contenido
en agua del lodo de perforacion es del orden de B0:20 a 50:50, més preferentemente
de 70:30 a 55:45. Los emulsionanies preferidos incluyen imidazolinas, dcidos grasos
y combinacioncs de los mismos.

Lodos de perforacion a base de petrélco que prescntan una pérdida de fluido
ultra-baja, particularmentc prefcridos. se describen cn SPE 77446, “Towards Zero
Fluid Loss Oil Based Muds®, M. Aston, P. Mihalik, J. Tunbridge y S. Clarke,
publicado en 2002.

La cficacia del métado de la presente invencién ha quedado demostrada en
condiciones tanto de laboratorio como del campo. como se expone en los siguientes
ejemplos.

Ejemplo 1

Se evaluaron cn cl [aboratorio formulaciones de lodos a base de petréleo
inyectando difcrentes lodos de perforacién en una fractura modelo (como se describe
en SPE/IADC 87130. “Drilling Fluids for Wellbore Strengthening”, 2-4 Marzo 2004,
M.S. Aston et al). La [raciura modelo se formé a partir de dos piczas de roca de
configuracion rectangular (de piedra arenisca “Ohio” con una permeabilidad de 0,3
miliDarcy). Cada piczn de roca tenia unas dimensioncs aproximadas de 5 cm de
ancho x 20 cm de longitud x 1 ¢cm de profundidad. Las dos piezas de roca fueron
emparedadas dc forma conjunta para crcar una fractura que ticne una abertura de
boca de | mm, conificando la abertura de la fractura a 0,5 mm en el extremo distante
de la misma (cxtremidad de la fractura). Sc proporciond una vilvula en la salida de la
extremidad dc la fractura. de manera que la extremidad de la fractura pudiera ser
abierta o sellada. El emparcdado de roca sc colocd en un apoyo construido para ese

fin, el cual sc soport6 cn una estructura de carga dentro de una cuba de ensayo. El
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ancho de la fraclura sc mantuvo constante cmplcando scparadores fijos. Se midi6 la
presién de fluido dentro de la ﬁ'actur.a justo en el interior de la boca de la fractura
empleando un transductor de presién. Inicialmente, la fractura y los espacios porosos
de la roca sc licnaron con un fluido limpio (agua) y cl sistema se calenté a una
temperatura dc 60° C. Se aplicé una presion de alrededor de 100 psi para comprimir
cualquier aire presenic en cl sistema. Sc inycctd cntonces lodo de perforacién a una
presién de 400 psi al intcrior de la boca de la fractura manteniendo abierta la
extremidad dc la fractura (para proporcionar una presién diferencial de un lado a otro
de la fractura de 300 psi). Después de 3 minutos, se cerro la salida de la extremidad
de la fractura empleando la vilvula, de manera que se pudiera acumular presién
dentro de la fractura {nota: la fuerza dc impulsidn inicial para la formacién del
puente en la boca de la fractura fue para evitar pérdidas de fluido a través de la
extremidad dc la fracura). Se aumentd cntonces la presibn de inyeccitn
gradualmente a 2.000 psi. Una presién baja mcdida cn el transductor de presién
indicé un scllado cficaz cn la boca de la fractura.

Los rcsultados otrecidos en la siguicnic tabla 1 comparan las presiones
medidas justo dentro dc la boca de la fractura para difcrentes lodos de perforacién
utilizados en ¢l procedimicnto de ensayo anterior. La presi6n justo en el interior de la
boca de la fractura sc midi6 después de alcanzarsc un valor constante en cada presitn

de inyeccién.
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Tabla 1 - Eficacia de lodos de perforacién cn ¢l sellado de una fractura modelo

Sistema de Presi6n justo dentro de Ia boca de Ia
lodo fractura, medida después de diferentes
presiones de inyeccién del lodo (IP) en
psi
iP 400 P 1.000 1P 2.000
Lodo 1 Mezcla A de lodo basc 300 900 1.900
(Compartivo | mis maierial de puente en
) macroparticulas; pérdida
dc fluido HFHP APl = 3
mi/30 min a2 um
tempcratura de 60° C
Lodo 2 Como ¢l lodo 1, pero 0 30 1.900

contcniendo 5  lb/bbi
Pliolita, pérdida dc fluido
HTHP APl = 0,3 ml/30
min a una tcmperatura de
60°C

Lodo 3 Mezclu B dc lodo base 0 0 0
mas malcrial de pucnie en
macropartfculas méds 35
Ib/bbl  Pliolita (14,3
kg/m®), pérdida de fluido
HTHP AP1 = 0,1 ml/30
min a una temperatura de
60°C

E! lodo 2 forma un scliado mds clicaz quec el lodo | (Comparativo). Esto se
consiguid reduciendu la pérdida dc fluido HTHP API del sistema de lodo desde 3
mL/30 minutos a 0,3 mi/30 minutos. El lodo 3 consiguié un sellado total en la boca de
Ia fractura empleando una mezcla mejorada de material de puente en macroparticulas
en un lodo que tiene una pérdida de fluide HTHP APl de 0,1 mi/30 minutos.

La formulacion para cl lodo base cmplecado ¢n los ensayos anteriores fue

como sigue:

Aceite mincral: 0.517 bbls
Versamul™ (emulsionante de Ml) 4,7 Ib/bbl
Versawel™ (agente humectante de M) 7 1b/bbl

Geltone™ (organocarcilla de Halliburton) 6 Ib/bbl
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Cal 5,25 Ib/bbl
Cloruro cilcico 17,6 1b/bbl
Agua 0,346 1b/bbl
Barita (sulfato dc bario) 50 Ib/bbl

Hymod Prima Clay (s6lidos de perforacion simulados) 4,5 1b/bbl

El lodo 1 cs el lodo base que conticne los siguicntes materiales de puente en
macroparticulas (mezcla A):
Baracarb™ 150: 46 1b/bbl
Baracarb™ 600: 9,3 lb/bbl

El lodo 2 es como ¢l lodo 1 pero con la adicién de 5 1b/bbl Pliolite® DF-01
(aditivo para el control de la pérdida de fluido suministrado por Goodyear).

El lodo 3 es ¢l lodo buase conteniendo 5 1b/bbl Pliolite® DF-01 y los

siguientcs materialcs dc puente en macroparticulas (mezcla B):

Baracarb™ 150: 181b/bbl
Baracarb™ 600: 18 1b/bbl
Steelseal™: 15 lb/bbl

Baracarb™ 150, Baracarb™ 600 y Steelscal™ se obtuvicron en Halliburton.
Baracarb™ 150 y Bamcarb™ 600 son carbonatos dc calcio con un difmetro medio
de particula de 150 micrémetros y 600 micrémctros, rcspectivamente. Steelseal™ es
un carbdn grafitico suministrado por Halliburton, con un intervalo de tamafio medio
de aproximadamcnte 400 micrémetros.

Ejemplo 2

Se llevd a cabo un ensayo préctico en ticrra en cl estanque de Arkoma, USA,
para determinar si ¢l método de la presente invencién podia aumentar o no la
resistenciu de la fractura cn una formacion de pizarra. El pozo fue un pozo vertical
con un cntubedo dc 9 5/8”. Sc rcalizo un ensayo de obturacién prolongada

(tratamicnto de la pildora por compresién) en 10 pies de formacién de pizarra



292

expuesta (agujero abicrto) jusio por debajo de la zapata del entubado de 9 5/8”. En
este ensayo, sc ecmplcaron procedimicntos de “obturacién” normalizados en donde la
corona anular estaba ccrrada micntras s¢ bombeaba lodo al interior del pozo.
Inicialmente, estaba prescnic en ¢l pozo un lodo a basc de diesel normalizado y este
lodo fue bombeado al interior del pozo a una velocidad de 0,25 bbls/minuto hasta
que se presentd el desplome de la formacion de pizarma expuesta.

La figura 1 ilustra la curva dc presién de obturacion prolongada para el lodo a
base de dicsel normalizado (curva 1). L.a formacion de pizarra se fracturd a 1.200 psi
aproximadamente, cn cuyo momento sc dctuvo cl bombeo del lodo de perforacién a
base de dicsel normalizado. para reducir al minimo el crecimiento de la fractura. La
presién se cstabilizd cn 800 psi. que cs la presion de propagacién de las fracturas
determinada por el estado dc 1ension en campo Icjano. El exceso de presién en el
pozo fue purgado (de nucvo a presidn hidrostitica), dc manera que se cerraron las
fracturas y sc repitid6 cntonces ¢l procedimicnto de obturacién bombeando una
plldora dc un lodo de acuerdo con [a presente invencién (de aquf en adelante “lodo
del inventor”) al interior de! pozo, también a una velocidad de 0,25 bbls/minuto. La
figura | ilustra ademas la curva de obturacion prolongada para €l lodo del inventor
(curva 2). Las fracturas inducidas cn la pared del pozo abierio son puenteadas y
selladas por las particulas de pucnte v aditivos reductores de la pérdida de fluido del
lodo del inventor y la presion de desplome de la formacién fortalecida asciende a un
valor por encima de 2.000 psi antes de que sc desplome el sellado. Se trata esto de un
incremento de alrededor de 850 psi cn la presion de desplome de la formacién en
comparncién con el estado original de la fonmacion de pizarra, equivalente a un peso
de lodo de 5,4 libras por galon (ppg).

El valor de pérdida de flnido HTHP API para cl lodo del inventor empleado
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en la prucba préctica fue de 0.45 ml a una temperatura de 115° F (temperatura en el
fondo del pozo), mientras quc el lodo a base de diesel normalizado tenfa una pérdida
de fluido HTHP API de 10 mi a una temperatura de 250° F. El lodo del inventor se
preparé afladiendo sélidos de puentc dc carbonato céicico, sélidos de puente de
material grafitico y aditivos reductores dc la pérdida de fluido al lodo a base de diesel
normalizado d¢ acuerdo con la presente invencién. El tamafo de los sélidos de
puente oscild entre 10 ¥ 800 micrometros y dichos sélidos se afiadieron en una
cantidad de 80 libras por barril . El lodo a base de dicsel normalizado original tenla

un peso dc lodo de 9,0 ppp y cstaba libre de sdlidos de puente incorporados.



-24-

REIVINDICACIONES

I.- Un método para reducir el desplome de una formacién durante la
perforacion de un pozo, caracterizado porque comprende:
() hacer circular por ¢l pozo un lodo de perforacién que comprende (i) un fluido a
base de agua o petréleo, (i) al menos un aditivo para controlar la pérdida de fluido
en una concentracion cficaz para conseguir una pérdida de fluido a elevada
temperatura y elevada presion (H'THI?) a partir del lodo de perforacion menor de 2
ml/30 minutos, cn donde la pérdida de Auido HTHP se determina empleando un
ensayo HTHP de acuerdo con las especificaciones del American Petroleum institute
(API), como sc describc en APl Recommended Practice 13B-2 Tercera Edicién,
Febrero 1998, Scccion 5.2.1 a 5.2.3 o Recommended Practice 13B-1 Segunda
Edicién, Septiembre 1997, Scccion 5.3.1 a 5.3.2, y (iii) un material de puente en
macroparticulas sélidas quc ticne un didmetro medio de particula de 25 a 2.000
micrémectros y una concentracion de al menos 0,5 libras por barril;
(b) aumcntar la presién ¢n ¢l pozo a un valor por encima de la presién de fractura
inicial dc la formacién. de mancra que sc inducen fracturas en la formacién y se
forma un puenic sustanciaimente impermeable al Nuido que comprende ¢l material
en macroparticulas sdlidas y ¢l aditivo o aditivos para controlar la pérdida de fluido
en o cerca de |a boca dc las fracturas. con lo que la formacidn resulta as{ fortalecida;
(c) continuar entonces la perforacion del pozo mantenicndo la presién en el mismo
por encima dc la presién de (ractura inicial de la lormacidn y por debajo de Ia
presion de desplome de |a formacion lorlalecida.

2.-  Un método scgin la reivindicacidn 1, caracterizado porque la presién
en el pozo en la etapa (c) sc mantienc cn al menos 300 psi por encima de la presion

de fractura inicial de la formacién y por debajo de la presion de desplome de la



formacion fortalecida.

3.- Un método scgun la reivindicacion | o 2, caracterizado porque el
material de puente cn macroparticulas sélidas se aflade a un lodo de perforacién en
circulacién que tienc un valor de pérdida de fluido HTHP menor de 2 mL/30 minutos
antes de aumentar la presion cn el pozo a un valor por encima de la presion de
fractura inicial de la formacién.

4. - Un método seglin cualquiera de las reivindicaciones anteriores,
caracterizado porque la formacion fortalecida cs una formaci6n agotada.

5.- Un método scgin cualquiem de las reivindicaciones 1 a 3,
caracterizado porquc la formacion fortalecida es una formacién débil en una seccién
de pozo previamente perforada.

6.- Un mélodo segGn cualquiern dc las rcivindicaciones anteriores,
caracterizado porque ¢l lodo de perforucién tiene un valor de pérdida de fluido
HTHP mcnor de | mi/30 minutos. con prefercncia menor de 0.5 mi/30 minutos.

7.- Un mélodo sepin cualquicra dc las reivindicaciones anteriores,
caracterizado porque la concentrucion de material de pucnte en macroparticulas
s6lidas en el lodo de perforacién en circulacién cs de al menos 10 libras por barril,
con preferencia de al menos 15 libras por barril.

8.- Un método sepin cualquien de las rcivindicaciones anteriores,
caracterizado porque ¢l lodo de perforacion se recicla al pozo después de separar del
mismo ¢l material quc tienc un lamaiio mayor de 500 micrdmetros empleando un
tamiz de malla 35 (scrie de tamices US).

9.-  Un método segtin la reivindicacion B, caructerizado porque se aflade
material dc puente nuevo en macroparticulas sélidas al lodo de perforacién antes de

reciclar el lodo de perforacién al pozo.

64
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10.- Un método scgin cualquicru de las reivindicaciones 1 a 7,
caracterizado porque cl lodo de perforucion sc recicla al pozo después de separar del
mismo los detritos de perforacion emplcando una centrifuga o hidrociclén.

11.- Un método segin la reivindicacién 5 o 6, caracterizado porque se hace
circular por la fornmacién débil una pildora del lodo de perforacién que tiene una
concentracién dc material de pucnte cn macroparticulas sélidas de al menos 50 libras
por barril y se comprime dicha pildora dentro de la formacién débil, manteniendo la
presion en ¢l pozo en la proximidad de la formacién débil en una valor por encima de
la presion de fractura inicial de la formacion débil.

12.- Una composicion dc lodo de perforacidn, caracterizada porque
comprende (a) un fluido a base de agua o petrdleo, (b) al menos un aditivo para
controlar la pérdida de fluido cn una concentracién eficaz para conseguir una pérdida
de fluido a elevada iemperatura y clevada presion (HTHP) a partir del lodo de
perforacion mcnor dc 2 ml/30 minutos. cn dondc la pérdida de fluido HTHP se
determina empleando un cnsayo HTHP de acuerdo con las especificaciones del
American Pciroleum institute (API). como se describe en APl Recommended
Practice 13B-2 Tercera Edicién, Febrero 1998, Seccion 5.2.1 a 523 o
Recommended Practice 13B-1 Segunda Edicidn, Scpticmbre 1997, Seccidn 5.3.1 a
5.3.2, y (c) un material de puentic en macroparticulas sdlidas que tiene un didmetro
medio de particula de 50 a 1.500 micrémetros y una concentracién de al menos 0,5
libras por barril.

13.~ Una composicién de lodo de perforacién segiin la reivindicacién 12,
caracterizada porque ticne una densidad especifica del orden de 0,9 a 2,5.

14. - Una composicién dc lodo de perforacion segin la reivindicacién 12 o

13, caracterizada porque cl maierial de pucente en macroparticulas sélidas comprende
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al menos un sélido en macroparticulas sustancialmente resisiente a la trituracién y
seleccionado del grupo consistente en grafito, carbonato cdlcico (preferentemente
médrmol), dolomita, cclulosas, micas, arcna y particulas cerdmicas.

15.- Una composicion de lodo de perforacién segiin cualquiera de las
reivindicaciones 12 a 14, caracterizada porque la concentracién del material de
puente en macroparticulus sélidas es de al menos 10 libras por barril, con preferencia
de al menos 13 libras por barril.

16.- Una composicion de lodo de perforacion segin cualquiera de las
reivindicaciones 12 a 15, caraclerizada porque el material de puente en
macroparticulas sélidas tienc un didmetro medio de particula del orden de 50 a 1.500
micrémectros.

17.- Una composicién de lodo de perforacién segin cualquiera de las
reivindicaciones 12 a 16. caracierizada porque tienc un valor de pérdida de fluido
HTHP menor de | ml/30 minutos. con preferencia menor de 0.5 m1/30 minutos.

18.- Una composicion de lodo de perforacion seglin cualquiera de las
reivindicacioncs 12 a 17, caracterizada porque el aditivo o aditivos para controlar la

pérdida de fluido se cligen entre polimeros orgdnicos de origen natural o sintético y

arcillas finamenie dispersas.
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RESUMEN

Un método para reducir cl desplome de una fonmacion durante la perforacion
de un pozo, cuyo método comprende: (a) hacer circular por ¢l pozo un lodo de
perforacion quc comprende (i) un fluido a base dec agua o petrdleo, (ii) al menos un
aditivo pura controlar la pérdida de fluido cn una concentracién eficaz para conseguir
una pérdida dc fuido a clevada temperatura v elevada presion (HTHP) a partir del
lodo de perforacion menor dc 2 ml/30 minutos y (iii) un material de puente en
macroparticulas solidas que ticne un diimetro medio de particula de 25 a 2.000
micrémetros y una concentracién de al mcnos 0,5 libras por barril; (b) aumentar la
presién cn el pozo a un valor por cncima de la presion de fractura inicial de la
formacion, de mancra quc se inducen fracturas en la formacién y se forma un puente
sustancialmentc impenneable al 1luido que comprende el material en macroparticulas
sblidas y cl aditivo o aditivos para controlar la pérdida dc Muido en o cerca de la boca
de las fracwuras, con lo quc la formacién resulta asi fortalecida; (c) continuar
entonces la perlorucion del pozo mantenicndo la presion en el mismo por encima de
la presion de fractura inicial de fa formacion y por debajo de la presion de desplome

de la formacidn fortalecida.
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NOTARIAL CERTIFICATE (CORPORATIONS) "
{Powers of sitomey granted in: El Salvador, Mexico,
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This day of .
the undersigned Notary CERTIFIES that:
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foregoing document.
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the purposes for which the power of attorney is granted
are within the scope of ity corporate purposes.

5. The grantor has infact the referred quality end that
his/her representation is legal and that ha/she is
empowared to grant this power of attomay.

6. | have based the above certifications 3, 4 and 5, on the
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Notary Public
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Notary Public
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certify also that the documents evidencing those
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INTERNATIONAL PRELIMINARY ’ Intemational application No. °
REPORT ON PATENTABILITY .
(SEPARATE SHEET) PCT/GB2004/003154

Re ltem Y
Reasoned statement with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

The following documents (D) are referred to in this communication; the numbering will be

adhered to in the rest of the procedure :
D1: EP-A-1 074 598 (TEXAS UNITED CHEMICAL CORP) 7 February 2001 (2001-02-07)
D2: US-B-6 391 8301 (DOBSON JR JAMES W ET AL) 21 May 2002 (2002-05-21)
D3: GB-A-2 351 098 (SOFITECH NV) 20 December 2000 (2000-12-20)
D4: US-B-6 403 537 (CHESSER BILLY G. ET AL) 11 Juna 2002 {2002-06-11)

1. Novelty:

1.1 Since none of the documents cited in the search report disclose all the features of
independent claim 1, it is considered that said claim as well as dependent claims 2-11
are novel over said prior art documents.

1.2 Since none of the documents cited in the search report disclose all the features of
independent claim 12, it is considered that said claim as well as dependent claims 13-18
are novel over said prior art documents.

2. Inventive step :

2.1 Since none of the prior art document teaches or fairly suggests the specific method of
reducing formation breakdown as claimed in claim 1, it appears to be non-obvious to the
skilled person.

Hence, claim 1, as well as dependent claims 2-11, are considered as being inventive.

2.2 Document D1, considered as being the closest prior art, discloses a drilling fiuid
comprising an aqueous base fiuid, a bridgingagent and a fluid loss control additive (see
[0011]) at concentrations to achieve a fluid loss of less than 10 m! as measured at 180F
(85C) and 250 psi differential pressure across a 5 micron disk for 30 minutes.
Example 10 shows values of fiuid loss varying between 1.5ml and 4ml in 30 minutes at
said HTHP conditions.

Form PCT/Soparate Shaelt/409 (Sheet 1) (EPO-January 2004)
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Examples of representative bridging material are calcium carbonate or dolomite (see
§[0032)-[0033)) at concentrations from 5 ppb to 50 ppb.

The subject-matter of claim 12 differs from disclosure of D1, since it contains the

following additionnal features :
- the HTHP f{luid loss is iess than 2ml/30 minutes and is determined using a test

according to the A.P.l. specifications as indicated in claim 12
- the bridging material has an average particle diameter of 50 microns to 1500

microns.

The technical problem solved by the differentiating features is considered as being to
improve the sealing of the region at or near the mouth of induced fractures, since the
size of the bridging material is larger as the mean pore throat width (less than 0

microns).

Since none of the prior art document teaches or fairly suggests’ this specific technical
features, it appears to be non-obvious to the skilled person.

Hence, claim 12, as well as dependent claims 13-18, are considered as being inventive.

Form PCT/Sepamta Shest/409 (Sheet 2) (EPO-January 2004)
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Case 10061 (2)

DRILLING METHOD

The present invention relates to drilling of wells through a subterranean
formation, and more particularly to a method of increasing the resistance of the wellbore
wall to fracturing during drilling operations.

Conventionally, the drilling of a well into the earth by rotary drilling techniques,
involves the circulation of a drilling fluid from the surface of the earth down a drill
string having a drill bit on the lower end thereof and through ports provided in the drill
bit to the well bottom and thence back to the surface through the annulus formed about
the drill string. Commonly, drilling fluids are emi:loyed that are either il or water
based. These fluids are treated to -provide desired rheological properties which make the
fluids particularly useful in the drilling of wells.

A problem often encountered in the drilling of a well is the loss of unacceptably
large amounts of drilling fluid into subterranean formations penetrated by the well. This .
problem is ofien referred to generally as "lost circulation,” and the formations into
which the drilling fluid is lost are often referred to as "lost circulation zones" or "thief
zones". Various causes may be responsible for the lost circulation encountered in the
drilling of a well. For cxample, a formation penetrated by the -well may exhibit
unusually high permeability or may contain fractures or crevices therein. In addition, a
formation may simply not be sufficiently competent to support the pressure applied by
the drilling fluid and may break down under this pressure and allow the drilling fluid to
flow thereinto.

It is this latter situation where the formation is broken down by the pressure of
the drilling fluid to which the present invention is addressed. One of the limiting factors
in drilling a particular portion of a well is the mud weight (density of the drilling fluid)

1
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that can be used. If too high a mud weight is used, fractures are created in the wall of
the borehole with resulting loss of drilling fluid and other operating problems. On the
other hand, if too low a mud weight is used, encroachment of formation fluids can
occur, borehole collapse may occur due to insufficient support from the fluid pressure in
the wellbore, and in extreme cases safety can be compromised due to the possibility of a
well blowout. In many cases, wells are drilled through weak or lost-circulation-prone
zones prior to reaching a potential producing zone, requiring use of a low mud weight
and installation of sequential casing strings to protect weaker zones above a potential
producing zone. If a higher weight mud could be used in drilling through weaker or
depleted zones, then there is a potential for eliminating one or more cas.ing strings in the
well. Elimination of even one casing string from a well provides important savings in
time, material and costs of drilling the well. Thus, there is a need for a method of
drilling boreholes using a higher mud weight than could normally be used without
encountering formation breakdown problems.

Surprisingly, it has now been found that formation breakdown during drilling
can be controlled by drilling the borehole using an ultra-low fluid loss mud with the
pressure of the drilling mud maintained at above the initial fracture pressure of the
formation wherein the fractures that are induced in the wellbore wall are bridged at or

" near the mouth thereof by a solid particulatc material that is added to the drilling mud

and the bridge is sealed by the accumulation of fluid loss additives in the voids between
the bridging particles and/or the precipitation of fluid loss additives onto the bridging
particles. The presence of the fluid impermeable bridge at or near the mouth of the
fracture strengthens the near wellbore region of the formation by generating a stress
cage. Thereafier, the drilling of the wellbore is continued with the pressure of the
drifling mud maintained at below the breakdown pressure of the strengthened formation.
Thus, according to a first aspect of the present invention there is providt-.d a
method of reducing formation breakdown during the drilling of 2 wellbore which
method comprises:
(a) circulating a drilling mud in the wellbore comprising (i) an aqueous or oil based
fluid, (ii) at [east one fluid loss additive at a concentration effective to achieve a high
temperature high pressure (HTHP) fluid loss from the drilling mud of less than 2 m1/30
minutes and (iii) a solid particulate bridging material having an average particle
diameter of 25 to 2000 microns and a concentration of at least 0.5 pounds per barrel

2
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(143 kg/m);
(b) increasing the pressure in the wellbore to ebove the initial fracture pressure of the
formation such that fractures are induced in the formation and a substantially fluid
impermeable bridge comprising the solid particulate material and the fluid loss

5  additive(s) is formed at or near the mouth of the fractures thereby strengthening the
formation;
(c) thereafter continuing to drill the wellbore with the pressure in the wellbore
maintained at above the initial fracture pressure of the formation and befow the
breakdown pressure of the strengthened formation.

10 For avoidance of doubt, the strengthencd formation may be a permeable or non-

permeable formation.

Without wishing to be bound by any theory, the mechanism by which the
method of the present invention strengthens the wall of the wellbore and hence reduces
formation breakdown is that as a fracture is deliberately induced in the wellbore wall,

15 the solid barticulate material enters and bridges the fracture at or near the mouth of the
fracture. Additives which are conventionally included in the drilling mud to reduce loss
of fluid from the drilling mud into the formation subsequently either precipitate on the
solid particulate material that bridges the fracture or fill the voids between the solid
particulate material thereby establishing a fluid impermeable immobile mass or'bridge

20  at or near the mouth of the fracture. Accordingly, fluid from the drilling mud can no
longer pass into the fracture and the pressure within the fracture may begin to dissipate
until it is substantially the same as the pressﬁre of the surounding formation. The rate
of reduction in pressure within the fracture beyond the bridge will depend on the rock
permeability and other factors such as the supporting action of the bridge which

25 maintains the rock displacement caused by the fracture and the sealing action of the

_ bridge which prevents fluid loss from the drilling mud into the fracture. The rock
displacement caused by the fracture places the rock in the near wellbore region of the
formation (for example, within a radial distance of up to 5 feet (1.524 metres) from the
wellbore wall) in a state of compression, thereby increasing the “hoop stress” and

30 generating a “stress cage”. If there is a reduction in pressure in the fracture beyond the
bridge, the fragture will attempt to close and this will impart stress on the fluid
impermeable immobile mass or bridge which, in turn, leads to additional compressive

stress being imparted to the rock in the near-wellbore region of the formation. The

3
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increased compressive stress in the near wellbore region of the formation results in the
wall of the wellbore having a greater resistance to further fracturing. The method of the
present invention therefore allows a drilling mud of higher density to be employed in
drilling the wellbore than could be used in the absence of strengthening of the

S5 formation. The method also has a further beneficiat effect of reducing loss of fluid from
the drilling mud into the formation owing to the sealing of the fractures with the fluid -
impermeable immobile mass.

_ The method of the first aspect of the present invention differs from a

conventional “tip screen out” in that a “tip screen out” requires the use of a high fluid

10 loss drilling mud so that particulate material accumulates rapidly at the fracture tip
thereby sealing the fracture and preventing further propagation of the fracture. The
person skilled in the art would therefore have concerns that the use of an ultra-low fluid
loss drilling mud would slow down deposition of particulate material at the fracture tip.
Furthermore, there was no understanding that it may be preferable to bridge at or near

15 the mouth of 2 fracture. Thus, conventional drilling muds employed in a “tip screen
out” arc designed so that the particulate material readily penetrates into the fracture to
deposit at the fracture tip. Also, a “tip screen out” does not create an effective near
wellbore “stress cage™. Although the rock at the fracture tip would be under increased
compressive stress (owing to the accumulation of particulate material at the fraclure

20 tip), this would not apply to the rock between the fracture tip and the mouth of the
fracture. Finally, there was a prejudice against using a low fluid loss drilling mud
owing to a belief that a low fluid loss mud would sow down the “rate of penetration”
while drilling. It was therefore surprising that an ultra-low fluid loss mud does not
significantly reduce the “rate of penetration”.

25 The fluid loss value for the drilling mud is determined using a standard high
temperature high pressure (HTHP) fluid loss test, according to the specifications of the
American Petroleum Institute (API), as described in “Recommended Practice Standard
Procedure for Field Testing Oil-Based Drilling Fluids”, APl Recommended Practice
13B-2 Third Edition, February 1998, Section 5.2.1 to 5.2.3; and “Recommended

30 Practice Standard Procedure for Field Testing Water-Based Drilling Fluids”, AP1
Recommended Practice 13B-1 Second Edition, September 1997, Section 5.3.1 to 5.3.2.
The test employs a pressurized cell fitted with a standard hardened filter paperas a
fittration medium. The filtration behaviour of the drilling mud is determined with a

4
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standard pressure differential across the filter paper of 500 psi (3.45 M Pa). A filter
cake is allowed to build up on the filter paper for 30 minutes and thé volume of filtrate
collected after this 30 minute period is then recorded. Because the filtration area (3.5
square inches (2.258 x10? m?)) of the pressurized cell is half the filtration area of a
standard API low temperature low pressure (LTLP) fluid loss test (7 square inches
(4.516x10” m%), the filtrate volume after 30 minutes is doubled to give a corrected APl
fluid loss value. Suitably, the temperature at which the high temperature high pressure
(HTHP) fluid loss test is carried out corresponds to the tempereture in the borehole.
Generally, the test temperature is in the range 50 to 150°C.

By “fracture pressure” is meant the minimum fluid pressure in the wellbore at
which a fracture is created in the wellbore wall. As would be evident to the person
skilled in the art, creation of a ncar wellbore “stress cage” will increase the fracture
pressure of the strengthened formation. Accordingly, by “initial fracture pressure” of a
formation is meant the fricture pressure of the formation prior to creation of the “stress
cage”. The initial fracture pressure of a formation mey be readily determined, for
example, from historical data.

By “breakdown pressure of the strengthcned formation™ is meant the maximum
fluid pressure that can be sustained within the wellbore without creating a fracture in the '
strengthened formation and/or without breaking down the fluid impermeable bridge(s)
that has been formed at or near the mouth of the fracture(s).

Suitably, the pressure in the wellbore in step (c) of the method of the first aspect
of the present invention is at least 50 psi (0.34 M Pa) above the initial fracture pressure
of the formation, preferably, at least 300 psi (2.07 M Pa) above the initial fracture
pressure of the formation, for example 300'to 1000 psi (2.07 to 6.90 M Pa) above the
initial fracture pressure of the formation, with the proviso that the pressure in the
wellbore in step (c) is below the breakdown pressure of the strengthened formation.

As is well known to the person' skilled in the art, formation pressure generally
increases with increasing depth of the wellbore. It is therefore génerall y necessary to
continuously increase the pressure of the drilling mud during the drilling operation, for
example, by increasing the density of the drilling mud. A problem arises when the
increased pressure of the drilling mud exceeds the initial fraclure pressure of a
previously drilling formation or exceeds the initial fracture pressure of a formation that

is yet to be drilled (hereinafter referred to as “weak formation™). The method of the first

5
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aspect of the present invention may therefore be used to strengthen such weak
formations thereby allowing the pressure of the drilling mud that is employed for
completing the drilling operation to be increased to above the initial fracture pressure of
the weak formation. The method of the first aspect of the present invention is

5 particularly advantageous where the weak formation is a depleted formation i.c. a
formation having a decreased pore pressure owing to production of hydrocarbons
therefrom. This decrease in pore pressure weakens the depleted formation while
neighbouring or inter-bedded low permeability formations may meintain their pore
pressure.

10 Thus, in a specific embodiment of the first aspect present invention there is
provided a method of reducing formation breakdown during the drilling of a weltbore
through a weak formation with a circulating drilling mud which method comprises:

(a) circulating in a wellbore a drilling mud comprising (i) an aqueous or oil based fluid,
and (ii) at least onc fluid Joss additive at a concentration effective to achieve a high

1S temperature high pressure (HTHP) fluid loss from the driiling mud of less than 2 ml/30
minutes and (iii) a solid particulate bridging material having an average particle
diameter of 25 to 2000 microns and 2 concentration of at least 0.5 pounds per barrel
(1.43 kg/m”);

(bj increasing the pressure of the drilling mud to above the initiel fracture pressure of

20  the weak formation such that fractures are induced in the weak formation and a
substantially fluid impermeable bridge comprising the solid particulate material and the
fluid loss additive(s) is formed at or near the mouth of the fractures thereby
strengthening the weak formation; _

(c) thereafter continuing to drill the wellbore with the pressure in the wellbore

25 maintained at above the initial fracture pressure of the weak formation and below the
breakdown pressure of the strengthened formation.

It is envisaged that the wellbore may be drilied using a conventional drilling
mud until the pressure in the wellbore approaches the initial fracture pressure of the
weak formation. The conventional drilling mud is then replaced by (or converted into)

30 the drilling mud employed in step (a) before increasing the pressure in the welibore to
above the initial fracture pressure of the weak formation. The co:{ventional drilling mud
may be converted into the drilling mud employed in step (a) by adding at teast one fluid
loss additive (ii) to the mud until the HTHP fluid loss value of the mud is less than 2

6
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ml/30 minutes and adding the solid particulate bridging material (iii) to the mud in an
amount of at least 0.5 pound per barrel (1.43 kglm’). Suitably, the solid particulate
bridging material (iii) may be added to a drilling mud comprising components (i) and
(ii) inmediately before increasing the pressure of the drilling mud to above the initial
fracture pressure of the weak formation. Thus, the drilling mud that is used to drill the
wellbore until the pressure in the wellbore approaches the initial fracture pressure of the
weak formation may comprise components (i) and (ii) in the absence of component iii).

The weak formation may lie in a previously drilled section of the wellbore
and/or in the rock that is about to be drilled. Where the weak formation is in the rock
that is about to be drilled, it is necessary to replace the entire wellbore fluid with the
drilling mud employed in step (a). Thus, the weak formation is strengthened as the
wellbore is being drilled. Where the weak formation lies in a previously drilied section
of the wellbore, it is only necessary to replace the wellbore fluid in the vicinity of the
weak formation. Thus, a drilling mud having a high concentration of the particulate
solid material may be introduced into the wellbore as a “pill” and may be circulated to
the weak formation where the concentrated drilling mud composition is squeezed into
the weak formation at a pressure above the initial fracture pressure of the weak
formation so that the bridging particulate material bridges the fractures that are induced
in the wellbore wall at or near the mouth thereof. Typically, the pill is squeezed into the
weak formation by sealing the annulus between a drill string and the welibore wall,
raising the drill string until it lies immediately below the weak formation, and pumping
the pill into the wellbore via the drill string until the pressure in the vicinity of the weak
formation is greater than the initial fracture pressure. Generally, the well is then shut in
for a period of up to 0.5 hour. After strengthening the weak formation, drilling of the
wellbore may be continued using a conventional drilling mud with the proviso that the
pressure in the wellbore in the vicinity of the strengthened formation is maintained
below the breakdown pressure of the strengthened formation. Suitably, the .
concentration of bridging material in the pill should be at least 50 pounds per barrel
(143 kg/m’), preferably at least 80 Ib per barrel (228.8 kg/m’). It is also envisaged that
the “pill” may be employed as a completion fluid and may be pumped into the wellbore
in advance of a cement when casing a wellbore.,

In a further aspect of the present invention there is provided a drilling mud

composition comprising (a) an aqueous or oil based fluid, (b) at least one fluid loss
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additive at a concentration effective to achieve a high temperature high pressure
(HTHP) fluid loss from the drilling mud of less than 2 ml/30 minutes and (c) a solid
particulate bridging material having an average particle diameter of 25 to 2000 microns
and a concentration of at least 0.5 pounds per barrel (1.43 kg/m?).

5 Suitably, the specific gravity of the drilling mud is in the range 0.9 to 2.5,
preferably in the range 1.0 to 2.0.

Suitably, the solid particulate bridging material that is included in the drilling
mud to bridge the fractures (hereinafter “bridging material”) comprises at least one
substantially crush resistant particulate solid such that the bridging material props open

10 the fractures (cracks and fissures) that are induced in the wall of the wellbore. By
“crush resistant” is meant that the bridging material is physically strong enough to
withstand the closure stresses exerted on the fracture bridge. Preferred bridging
materials for adding to the drilling mud include graphite, calcium carbonate (preferably,
marble), dolomite (MgCO;.CaCOy), celiuloses, micas, proppant materials such as sands

15 orceramic particles and combinations thereof. These materials are very inert and are
environmentally acceptable. It is also envisaged that a portion of the bridging material -
may comprise drill cuttings having the desired average particle diameter in the range of
25 to 2000 microns. ' :

The concentration of the bridging material may vary with the drilling mud used

20 and the conditions of use. The concentration must be at least great enough for the
bridging material to rapidly bridge the fractures (i.e. cracks and fissures) that are
induced in the wall of the wellbore but should not be so high as to make circulation of
the drilling mud impractical. Suitably, the bridging material should bridge the fractures
that are induced in the wellbore wall within less than 10 seconds, preferably less than 5

25 seconds from when the fracture opens so that the fracture remains short. Thus, rapid
sealing of the fracture mitigates the risk of the fracture propagating. Suitably, the
concentration of bridging material in the drilling mud is at least 5 pounds per'barrel
(14.3 kg/m?), preferably at least 10 pounds per barrel (28.6 kg/m®), more preferably at
least 15 pounds per barrel (42.9 kglm’ ), for example, at least 30 pounds per barmrel (85.8

30 kglm’). However, as discussed above, where the drilling mud is employed in a “pill”
treatment, the concentration of the bridging particulate material is suitably at least 50
pounds per barrel (143 kg/m®), preferably at least 80 pounds per barrel (228.8 kglm’).

Suitably, the bridging material is sized so as not to enter the pores of any
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permeable rock through which the wellbore is being drilled. Preferably, the bridging
material has an average particle diameter in the range 50 to 1500 microns, more
preferably 250 to 1000 microns. The bridging material may comprise substantially
spherical particles. However, it is also envisaged that the bridging material may

5 comprise -clongnte particles, for example, rods or fibres. Where the bridging material
comprises elongate particles, the average le:igth of the elongate particles should be such
that the elongate particles are capable of bridging the induced fractures at or near the
mouth thereof. Typically, the elongate particles will have an average length in the range
25 to 2000 microns, preferably 50 to 1500 microns, more preferably 250 to 1000

10  microns. ]

The bridging material is sized so as to readily form a bridge at or near the mouth
of the induced fracturcs. Typically, the fractures that are induced in the wellbore wall
have a fracture width at the mouth in the range 0.1 to Smm. The fracture width is
dependent, amongsi other factors, upon the strength (stiffness) of the formation rock and

15 the extent to which the pressure in the wellbore is increased to above initial fracture
pressure of the formation during the fracture induction step (b) of the method of the
present invention (in other words, the fracture width is dependent on the pressure

" difference between the drilling mud and the initial fracture pressure of the formation
during the fracture induction step). It is preferred that at least a portion of the bridging

20 material, preferably, a major portion of the bridging material has a particle diameter
approaching the width of the fracture mouth. Preferably, the bridging material has a
broed (polydisperse) particle size distribution. '

It is necessary to keep the bridging material in suspension in the drilling mud.
Genenrzlly, a drilling mud is recycled to the wellbore after removal of substantially all of

25  the drill cuttings. The drill cuttings may be removed using screens as would be well
known to the person skilled in the art. Typically the drilling mud is filtered using a 200
mesh size screen (US sieve series) that retains particles ha\'ring a size of greater than 74
microns. However, in the method of the present invention, it is necessary to filter the
mud using a coarser screen so as to avoid separation of substantial amounts of the

30 bridging material from the mud. Suitably, the drilling mud is filtered using & 35 mesh
screen (US sieve series) that retains particles having a size of greater than 500 microns.
However, if the rheology of the mud deteriorates through the accumulation of fine drill

cuttings in the mud, it may be nccessary to employ ﬁnef mesh screens for a short period
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of time. It is also envisaged that separation methods may be employed which allow the
bridging solids to be retained but a major portion of the cuttings, preferably
substantislly all of the cuttings, 1o be separated from the drilling mud. In particular, the
cuttings may be separated from the drilling mud by relying on differences in the
densities of the cuttings and the bridging particles, for example, using centrifuges or
hydrocyclones. In order to maintain the concentration of the bridging material at the
desired value in the drilling mud and/or to maintain the fluid loss value of the drilling
mud at below 2 ml/30 minutes, it may be necessary to introduce fresh bridging material
and/or fresh fluid loss additives respectively into the circulating drilling mud.
Alternatively, or in addition, fresh drilling mud may be either continuously or
intermittently added to the drilling mud that is being circulated in the wellbore.

The drilling mud has an HTHP fluid loss value of less than 2 ml/30 minutes,
preferably, less than 1 ml/30 minutes, more preferably less than 0.5 ml/30 minutes, for
example 0.1 to 0.3 mi/30 minutes. As would be well known to the person skilled in the
art, such ultra-low fluid loss values may be achieved by incorporating at least one fluid
loss additive in the drilling mud. Without wishing to be bound by any theory, it is
believed that the fluid loss additive(s) will build up on the solid particulate material that
bridges the fractures at or near the mouth thereof thereby forming a fiuid impermeable
immobile mass. Where the solid particulate bridging material is porous, the fluid loss
additives may also enter the pores of the bridging material to seal the pores.

Suitable fluid loss additives that may be incorporated in the drilling mud of the
present invention include organic polymers of natural or synthetic origin. Suitable
polymers include starch or chemically modified starches; cellulose derivatives such as
carboxymethylcellulose and polyanionic cellulose (PAC); guar gum and xanthan gum,;
homopolymers and copolymers of monomers selected from the group consisting of
acrylic acici, acrylamide, acrylamido-2-methy! propane sulfonic acid (AMPS), styrené
sulphonic acid, N-vinyl acetamide, N-vinyl pyrrolidone, and N,N-dimethylacrylamide
wherein the copolymer has a number average molecular weight of from 100,000 to
1,000,000, and preferably 200,000 to 500,000; asphalts (for example, sulphonated
asphalts); gilsonite; lignite and its derivaiive. humic acid; lignin and its derivatives such
as lignin sulfonates or condensed polymeric lignin sulfonates; and combinations thereof.
These polymeric additives are particularly suitable for use in oil based drilling muds.

As an alternative or, in addition, to employing such polymeric additives, the fluid loss
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from the drilling mud of the present invention may be reduced by adding finely
dispersed particles such as clays (for example, illite, kaolinite, bentonite, or sepiolite) to
the drilling mud. Suitably, the finely dispersed particles have an average particle size of
less than 10 microns, preferably, less than 5 microns, for example, about I micron.
Preferably, the drilling mud contains a smooth/continuous range of particle sizes
ranging from about 1 micron for the finely dispersed particulate fluid loss additives to
an average particle diameter of the bridging material of up to 2000 microns i.e. has a
broad (polydisperse) particle size distribution.

It is envisaged that an oil based drilling mud may contain a significant amount of
a discontinuous water phase dispersed in a continuous oil phase by means of at least one
emulsifier (a water-in-oil emulsion). The fluid loss value of such drilling muds may
vary depending upon the oil to water ratio and the nature of the emulsifier(s) employed
to form the water-in-oil emulsion (and hence on the size of the dispersed water
droplets). Preferably, the water content of the drilling mud is in the range 80:20 to
50:50, more preferably 70:30 to 55:45. Preferred cmulsifiers include imidazolines, fatty
acids and combinalions thereof.

Particularly preferred ultra-low fluid loss oil based drilling muds are described
in SPE 77446, *Towards Zero Fluid Loss Oil Based Muds”, M Aston, P Mih.alik, J
Tunbridge and S Clarke, published 2002.

The effectiveness of the method of the present invention has been demonstrated
in both laboratory and field conditions as shown by the following Examples.
Example 1

0Oil based mud formulations were evaluated in the laboratory by injecting
different drilling muds into a model fracture (as described in SPE/IADC 87130,
“Drilling Fluids for Wellbore Strengthening, 2-4 March 2004, M S Aston et al). The

‘model fracture was formed from two rectangular-shaped rock pieces (of 0.3 milliDarcy

permeability “Ohio” sandstone). Each rock piece had approximate dimensions of 5cm
width x 20cm length x 1cm breadth. The two rock pieces were sandwiched together to
creatc a fracture having a mouth aperture of lmm with the aperture of the fracture
tapering to 0.5mm at the far end thereof (fracture tip). A valve was pravided at the exit
from the fracture tip such that the fracture tip could be open or sealed. The rock
sandwich was placed in a purpose-built holder that was supported in a load frame within

a test cell. The fracture width was maintained constant using fixed spacers. The fluid
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pressure within the fracture was measured just inside the mouth of the fracture using a
pressure transducer. Initially, the fracture and the pore spaces in the rock were filled
with a clear fluid (water) and the system was heated to a temperature of 60°C. A
pressure of about 100 psi (0.69 M Pa) was applied to compress any air in the system.
Drilling mud was then injected at a pressure of 400 psi (2.76 M Pa) into the mouth of
the fracture with the fracture tip open (to give a differential pressure across the fracture
of 300 psi (2.07 M Pa)). After 3 minutes, the exit from the fracture tip was closed using
the valve so that pressure could build up inside the fracture (n.b. the initial driving force
for bridge formation at the fracture mouth was fluid leak-off through the fracture tip).
The injection pressure was then increased stepwise to 2000 psi (13.79 M Pa). A low
pressure measured on the pressure transducer indicated an effective seal at the mouth of
the fracture.

The results shown in Table 1 below compare the pressures measured just inside
the fracture mouth for different drilling muds employed in the above test procedure.
The pressure just inside the fracture mouth was measured aftera steady value w-as

reached at each injection pressure.
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Table 1 ~ Effectiveness of drilling muds in sealing a mode] fracture

Mud System Pressure just inside fracture mouth,
measured after different mud

injection pressures (IP) in psi

1P 400 | IP 1000 | IP 2000
@76 |67 1(13.79MPa)
MPa) |MPa)

Mud 1 (Comparative) Basc mud plus bridging 300 %00 1900

particulate material mix (207 |(6.21 (13.10 M Pa)
A; APTHTHP fluid loss= | M Pa) | M Pa)
3mis/30 minutes ata

temperature of 60°C
Mud 2 As mud 1, but containing | 0 30 19500
51b/bbl Pliolite, API (1.31 (13.10 M Pa)
HTHP fluid loss = 0.3 M Pa)
mis/30 minutes at a
temperature of 60°C
Mud 3 Base mud plus bridging 0 0 0

particulate material mix B
plus 51b/bbl Pliolite (14.3
kg/m*), API HTHP fluid

loss = 0.1 mls/30 minutes

at a temperature of 60°C

Mud 2 forms a more effective seal than Mud | (Comparative). This was
achieved by reducing the API HTHP ftuid loss of the mud system from 3 ml/30 minutes
to 0.3 mis/30 minutes. Mud 3 achieved a total seal at the mouth of the fracture by using
an improved bridging perticulate material mix in 2 mud having an API HTHP fluid loss

of 0.1 mis/30 minutes.
The formulation for the base mud employed in the above tests was as follows:
Mineral oil: 0.517 bbls (0.0822 m’)

Versamul™ (emulsifier, ex MI) 4.7 Ib/bbl (13.4 kg/m®)

13

AMENDED SHEET

Y



06-05-2005 GB0403154

10

15

20

25

30

kG
Versawet™ (wetting agent, ex M) 7 I/bbl (20.0 kg/m*)
Geltone™ (organoclay, ex Halliburton) 61b/bbl (17.2 kg/m®)
Lime 5.25 1b/bbl (15.0 kg/m®)
Calcium chloride 17.6 1b/bbl (50.4 kg/m?)
Water 0.346 Ib/bbl (1.0 kg/m’)
Barite (barium sulfate) 50 Ib/bbl (143 kg/m®)
Hymod Prima Clay (simulated dill solids) 4.5 Ib/bbl (12.9 kg/m’)
Mud 1 is the base mud containing the following bridging particulate materials
(mix A):
Baracarb™ 150: 46 1b/bbl (131.6 kg/m?)
Baracarb™ 600: 9.3 Ib/bbl (26.6 kg/m’)

Mud 2 is as Mud 1 with the addition of 5 Ib/bbl Pliolite® DF-01 (fluid foss
control additive supplied by Goodyear)

Mud 3 is the base mud containing 51t/bbl (143 kg/m®) Pliolite® DF-01 and the
following bridging particulate materials (mix B):

Baracarb™ 150: 18 1b/bbl (51.5 kg/m?)
Baracarb™ 600: 18 Ib/bbl (51.5 kg/m?)
Steelseal™:; 15 lb/bbl (42.9 kg/m’)

Baracarb™ 150, Baracarb™ 600 and Steelseal™ were obtained from Halliburton.
Baracarb™ 150 and Baracarb™ 600 are calcium carbonates with an average particle
diameter of 150 microns and 600 microns, respectively. Steelseal™ is a graphitic
carbon available from Halliburton, with an average size range of approximately 400
microns.

Example 2
A field test was conducted onshore in the Arkoma basin, USA, to determine

whether the method of the present invention could raise fracture resistance in a shale
formation. The well was a vertical well having a 9 5/8” (24.5 cm) casing. An extended
leak off test (pill squeeze treatment) was performed in 10 feet (3.048 metres) of exposed
shale formation (open hole) just below the 9 5/8™ (24.5 cm) casing shoe. In this test,
standard “leak-off" procedures were used whereby the annulus was closed whilst mud
was pumped into the wellbore. Initially, a standard diesel based mud was present in the

well bore and this mud was pumped into the wellbore at a rate of 0.25

14

AMENDED SHEET



06-05-2005 GB0403154

10

15

20

25

30

£}

bbls/minute (0.04 m*/minute) until breakdown of the exposed shale formation occurred.

Figure 1 illustrates the extended leak-off pressure curve for the standard diesel
based mud (curve 1). The shale formation fractured at about 1200 psi (8.27 M Pa), at
which point pumping of the standard diesel based drilling mud was stopped to minimize
fracture growth. The pressure stabilized at 800 psi (5.52 M Pa), which is the
propagation pressure of the fractures determined by the far-field stress state. The excess
pressure in the wellbore was bled off (back to hydrostatic pressure) so that the fractures
closed and the leak-off procedure was then repeated by pumping a pill of a mud _
according to the present invention (hereinafter “Designer mud™) into the wellbore also
at a rate of 0.25 bbls/minute (0.04m*/minute). Figurc 1 additionally iHustrates the
extended leak off curve for the Designer mud (curve 2). The fractures induced in the
wall of the open hole wellbore are bridged and sealed by the bridging particles and fluid
loss additives of the Designer mud and the breakdown pressure of the strengthened
formation climbs to above 2000 psi (13.79 M Pa) before the seal breaks down. This is
an increase of about 85.0 psi (5.86 M Pa) formation breakdown pressure compared to the
original state of the shale formation, equivalent to 5.4 pounds per gallon (ppg) (647
kg/m’) mud weiéht.

The API HTHP fluid loss value for the Designer mud employed in the field trial
was 0.45 mls at a temperature of 115 °F (46°C) (bottom hole temperature), while the
standard diesel based mud had an API HTHP fluid loss of 10 mls at a temperature of
250°F (121°C). The Designer Mud was made by adding calcium carbonate bridging
solids, graphitic material bridging solids, and fluid loss additives to the standard diesel
based mud in accordance with the present invention. The bridging solids ranged in size
from 10 to 800 microns and were added in an amount of 80 pounds per barrel (228.8
kg/m®). The original standard diesel based mud had a mud weight of 9.0 ppg (1078
kg/m’) and was free of added bridging solids.
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Claims:
1. A method of reducing formation breakdown during the drilling of a wellbore
which method comprises:

(a) circulating a drilling mud in the wellbore comprising (i) an aqueous or oil based
fluid, (ii) at least one fluid loss additive at a concentration effective to achieve a high
temperature high pressure (HTHP) fluid loss from the drilling mud of less than 2 m1/30
minutes wherein the HTHP fluid loss is determined using an HTHP test according to the
specifications of the American Petroleum institute (API), as described in API
Recommended Practice 13B-2 Third Edition, February 1998, Section 5.2.1 to 5.2.3 or
Recommended Practice 13B-1 Secon_d Edition, September 1997, Section 5.3.1 t0 5.3.2,
and (iii) a solid particulate bridging material having an average particle diameter of 25
to 2000 microns and a concentration of at least 0.5 pounds per barrel (1.43 kg/m®);

(b) increasing the pressure in the wellbore to above the initial fracture pressure of the
formation such that fractures are induced in the formation and a substantially fluid
impermeable bridge comprising the solid particulate bridging material and the fluid loss
additive(s) is formed at or near the mouth of the fractures thereby strengthening the
formation;

(c) thereafter continuing to drill the wellbore with the pressure in the wellbore
maintained at above the initial fracture pressure of the formation and below the
breakdown pressure of the strengthened formation.

2. A methad as claimed in Claim 1 wherein the pressure in the wellbore in step (c)
is maintained at least 300 psi (2.07 M Pa) above the initial fracture pressure of the

formation and below the breakdown pressure of the strengthened formation.
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3. A method as claimed in Claims 1 or 2 wherein the solid particulate bridging
material is added to a circulating drilling mud having an HTHP fluid loss value of less
than 2 m1/30 minutes prior to increasing the pressure in the wellbore to above the initial
fracture pressure of the formation.
5 4. A mcthod as claimed in any one of the preceding claims wherein the

strengthened formation is a depleted formation.
5. A method as claimed in any one of Claims 1 to 3 wherein the strengthened
formation is a weak formation in a previously drilled section of wellbore.
6. A method as claimed in any one of the preceding claims wherein the drilling

10 mud has a HTHP fluid loss value of fess than 1 m{/30 minutes, preferably less than 0.5
ml/30 minutes.
7. A mcthod as claimed in any one of the preceding claims wherein the _
concentration of solid paxticula!e bridging material in the circulating drilling mud is at
least 10 Ib per barrel (26.6 kg/m?), preferably at least 15 1b per barrel (42.9 kg/m®).

1§ 8. A method as claimed in any one of the preceding claims wherein the drilling

. mud is rccycled to the wellbore after separating material having a size of greater than
500 microns therefrom using a 35 mesh screen (US sieve series).
9. A method as claimed in Claim 8 wherein fresh solid particulate bridging
material is added to the drilling mud prior to recycling the drilling mud to the wellbore.

20 10. A mcthod as claimed in any one of Claims 1 to 7 wherein the drilling mud is
recycled to the wellbore after separating drill cuttings from the drilling mud using a
centrifuge or hydrocyclone.
11. A method as claimed in Claims 5 or 6 wherein a pill of the drilling mud having a
concentration of solid particulate bridging material of at least 50 1b per barrel (143

25  kg/n’) is circulated to the weak formation and is squeezed into the weak formation with
the pressure in the wellbore in the vicinity of the weak formation maintained at above
the initial fracture pressure of the weak formation.
12. A drilling mud composition comprising (a) an aqueous or oil based fluid; (b) at
least one fluid loss additive at a concentration effective to achieve a high temperature

30  high pressure (HTHP) fluid loss from the drilting mud of less than 2 m}/30 minutes
wherein the HTHP fluid loss is determined using an HTHP test according to the
specifications of the American Petroleum institute (API), as described in API
Recommended Practice 13B-2 Third Edition, February 1998, Section 5.2.1 to 5.2.3 or
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Recommended Practice 13B-1 Second Edition, September 1997, Section 5.3.1 to 5.3.2;
and (c) a solid particulate bridging material having an average particle diameter in the
range 50 to 1500 microns and a concentration of at least 0.5 pounds per barrel (1.43
kglm’)
5 13. A drilling mud composition as claimed in Claim 12 having a specific gravity in
the range 0.9 to 2.5.
14. A drilling mud composition as claimed in Claims 12 or 13 wherein the solid
particulate bridging material comprises at least one substantially crush resistant
particulate solid selected from the group consisting of graphite, calcium carbonate
10  (preferably marble), dolomite, celluloses, micas, sand and ceramic particles.
15. A drilling mud composition as claimed in any one of Claims 12 to 14 wherein
the concentration of the solid particulate bridging material is at least 10 pounds per
barrel (28.6 kg/m’), preferably at least 15 pounds per barrel (42.9 kg/m®).
16. A drilling mud composition as claimed in any one of claims 12 to 15 wherein
15 the solid particulate bridging material has an averape particle diameter in the range 250

to 1000 microns.
17. A drilling mud composition as claimed in any one of Claims 12 to 16 having an
HTHP fluid loss value of less than 1 ml/30 minutes, preferably less than 0.5 ml/30

minutes.
20 18. A drilling mud composition as claimed in any one of Claims 12 to 17 wherein

the ﬁuid loss additive(s) is selected from organic polymers of natural or synthetic origin
and finely dispersed clays.

25
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Case 10061(2)

Claims:
1. A method of reducing formation breakdown during the drilling of a wellbore
which method comprises:
(a) circulating a drilling mud in the wellbore comprising (i) an aqueous or ail based
fluid, (ii) at least one fluid loss additive at a concentration effective to achieve a high
5 temperature high pressure (HTHP) fluid loss from the drilling mud of less than 2 m1/30

minutes wherein the HTHP fluid loss is determined using an HTHP test according to the
specifications of the American Petroleum institute (API), as described in API
Recommended Practice 13B-2 Third Edition, February 1998, Section 5.2.1 to 5.2.3 or
Recommended Practice 13B-1 Secon_d Edition, September 1997, Section 5.3.1 t0 5.3.2,

10  and (iii) a solid particulaté bridging material having an average particle diameter of 25
to 2000 microns and a concentration of at least 0.5 pounds per barrel (1.43 kg/m®);
(b) increasing the pressure in the wellbore to above the initial fracture pressure of the
formation such that fractures are induced in the formation and a substantially fluid
impermeable bridge comprising the solid particulate bridging material and the fluid loss

15 additive(s) is formed at or near the mouth of the fractures thereby strengthening the
formation; .
(c) thereafter continuing to drill the wellbore with the pressure in the wellbore
maintained at above the initial fracture pressure of the formation and below the
breakdown pressure of the strengthened formation.

20 2 A method as claimed in Claim 1 wherein the pressure in the wellbore in step (c)
is maintained at least 300 psi (2.07 M Pa) above the initial fracture pressure of the

formation and below the breakdown pressure of the strengthened formation.
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3. A method as claimed in Claims 1 or 2 wherein the solid particulate bridging
material is added to a circulating drilling mud having an HTHP fluid loss value of less
than 2 m1/30 minutes prior to increasing the pressure in the wellbore to above the initial
fracture pressure of the formation.

4. A method as claimed in any one of the preceding claims wherein the
strengthened formation is a depleted formation.

5. A method as claimed in any one of Claims 1 to 3 wherein the strengthened
formation is a weak formation in a previously drilled section of wellbore.

6. A method as claimed in any one of the preceding claims wherein the drilling
mud has a HTHP fluid loss value of less than 1 m1/30 minutes, preferably less than 0.5
ml/30 minutes.

7. A method as claimed in any onc of the preceding claims wherein the .
concentration of solid particulate bridging material in the circulating drilling mud is at
least 10 Ib per barrel (26.6 kg/m®), preferably at least 15 1b per barrel (42.9 kg/m”).

8. A method as claimed in any one of the preceding claims wherein the drilling
mud is recycled to the wellbore afier separafing malerial having a size of greater than
500 microns therefrom using a 35 mesh screen (US sieve series).

9. A method as claimed in Claim 8 wherein fresh solid particulate bridging
material is added to the drilling mud prior to recycling the drilling mud to the wellbore.
10. A method as claimed in any one of Claims 1 to 7 wherein the drilling mud is
recycled to the wellbore after separating drill cuttings from the drilling mud using a
centrifuge or hydrocyclone.

11. A method as claimed in Claims 5 or 6 wherein a pill of the drilling mud having a
concentration of solid particulate bridging material of at least 50 1b per barrel (143
kg/m’) is circulated to the weak formation and is squeezed into the weak formation with
the pressure in the wellbore in the vicinity of the weak formation maintained at above
the initial fracture pressure of the weak formation. '

12. A drlling mud composition comprising (a) an aqueous or oil based fluid; (b) at
least one fluid loss additive at a concentration effective to achieve a high temperature
high pressure (HTHP) fluid loss from the drilling mud of less than 2 m1/30 minutes
wherein the HTHP fluid loss is determined using an HTHP test according to the
specifications of the American Petroleum institute (API), as described in API
Recommended Practice 13B-2 Third Edition, February 1998, Section 5.2.1 to 5.2.3 or
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Recommended Practice 13B-1 Second Edition, September 1997, Section 5.3.1 t0 5.3.2;
and (c) a solid particulate bridging material having an average particle diameter in the
range 50 to 1500 microns and a concentration of at least 0.5 pounds per barrel (1.43
kg/m”).

13.  Adrilling mud composition as claimed in Claim 12 having a specific gravity in
the range 0.9 to 2.5.

14. A drilling mud composition as claimed in Claims 12 or 13 wherein the solid
particulate bridging material comprises at least one substantially crush resistant
particulate solid selected from the group consisting of graphite, calcium carbonate
(preferably marble), dolomite, célluloses, micas, sand and ceramic particles.

15. A drlling mud composition as claimed in any one of Claims 12 to 14 wherein
the concentration of the solid particulate bridging material is at least 10 pounds per
barrel (28.6 kg/m®), preferably at least 15 pounds per barrel (42.9 kg/m?).

16. A drilling mud composition as claimed in any one of claims 12 to 15 wherein
the solid particulate bridging material has an average particle diameter in the range 250

to 1000 microns.
17. A drilling mud composition as claimed in any one of Claims 12 to 16 having an
HTHP fluid loss value of less than 1 ml/30 minutes, preferably less than 0.5 m}/30

minutes.
18. A drilling mud composition as claimed in any one of Claims 12 to 17 wherein

the fluid loss additive(s) is selected from organic polymers of natural or synthetic origin
and finely dispersed clays.
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METODO DE PERFORACION

La presente invencidn se refiere a la perforacién de pozos a través de una
formacién subterrénea y, mds particularmenie a un método para sumentar la
resistencia a la fractura de la pared del pozo durante las operaciones de perforacion.

La perforacién de un pozo en la tierra mediante técnicas de perforacién
rotativa implica convencionalmente la circulacién de un fluido de perforacién desde
la superficie de la ticrra, descendentemente por una sarta de perforacién que tiene un
trépano de perforacién en el extremo inferior de la misma, y a través de orificios
previstos en el trépeno, hasta el fondo del pozo y desde aqui de nuevo hacia la
superficie a través de la corona anular formada alrededor de la sarta de perforacion.
Generalmente se emplean fluidos de perforacion que estéin basados bien en petréleo
o bien en agua. Dichos fluidos son tratados para proporcionar propiedades reolégicas
deseadas que hagan que los fluidos resulten particularmente ftiles en la perforacitn
de pozos.

Un problema encontrado frecuentemente en la perforacién de un pozo es la
pérdida de cantidades inaceptablemente altas de fluido de perforacién dentro de las
formaciones subterrdneas penetradas por el pozo. Este problema suele conocerse
generalmente como “pérdida de circulacién” y las formaciones en las cuales s¢
pierde el fluido de perforacion suelen referirse como “zonas de pérdida de
circulacién™ o “zones de escape™. Varias causas pueden ser las responsables de Ia
pérdida de circulacién encontrada en la perforacién de un pozo. Por ejemplo, una
formacién penetrada por el pozo puede exhibir una permeabilidad desusualmente
elevada o puede contener fracturas o fisuras en la misma. Ademds, puede que una
formacién simplemente no sea lo suficientemente competente pera soportar la
presi6n aplicada por el fluido de perforacién y puede desplomarse bajo esta presién y
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pemnitir que el fluido de perforacion fluya al interior de la migma.

La presente invencién estd dirigida a esta Gitima situacién en donde [a
formacidn se desploma por la presién del fluido de perforacidn. Uno de los factores
limitativos en la perforacion de una porcién particular de un pozo es el peso del lodo
de circulacién (densidad del fluido de perforacidn) que puede ser utilizado. Si se
emplea un peso de lodo demasiado elevado, se crean fracturas en la pared del pozo
con ia consecuente pérdida de fluido dc perforacién y otros problemas operativos.
Por otro lado, si se emplea un peso de lodo demasiado bajo, puede presentarse una
invasién de fluidos en la formacién, puede derrumbarse el pozo como consecuencia
del soporte insuficiente frente a la presion de fluido en el pozo y, en casos extremos,
la seguridad puede verse comprometida debido a la posibilidad de una erupcién del
pozo. En muchos casos, los pozos son perforados a través de zonas débiles o
expuestas a la pérdida dc circulacién antes de alcanzar una zona de produccion
potencial, requiriendo ello el uso de un peso bajo de lodo y la instalacién de sartas de
entubado para proteger las zonas més débiles situadas por encima de una zona de
produccién potencial. En ¢l caso de que pudiera emplearse un mayor peso de lodo en
la perforacién a través de zonas mds débiles o agotadas, existe entonces el potencial
de eliminar una o més sartas de entubado en el pozo. La eliminacién de incluso una
sola sarta de entubado de un pozo proporciona ahorros importantes en cuanto a
tiempo, material y costes de perforacion del pozo. De este modo, existe la necesidad
de disponer de un método para la perforacion de pozos en donde se utilice un peso de
lodo mayor que aquel que podria utilizarse normalmente sin que surjan problemas de
desplome de la formacion.

De mancra sorprendente. se ha comprobado shora que ¢l desplome de Ia

formacién durante la perforacién se puede controlar mediante la perforacion del pozo
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utilizando un lodo de pérdida de fluido ultra-baja y manteniendo la presién del lodo
de perforacién por encima de la presién de fractura inicial de la formacidén y en
donde las fracturas que son inducidas en la pared del pozo son puenteadas cn o cerca
de I|a boca del mismo mediante un material de macroparticulas sélidas que se afiade
al lodo de perforacion y en donde ¢l puente es sellado por la acumulacién de aditivos
para controlar la pérdida de fluido en los vacios existentes entre las particulas que
efectGan el puente y/o la precipitacién de aditivos para controlar la pérdida de fluido
sobre las particulas que efectiian el puente. La presencia del puente impermeable al
fluido en o cerca de la boca de Ia fractura fortalece la region de la formaci6n préxima
al pozo el generar una jaula de tensiones. A continuacion, se continia la perforacién
del pozo manteniendo la presién del lodo de perforacién por debajo de la presién de
desplome de la formacion asl consolidada.

De este modo, de acuerdo con un primer aspecto de la presente invencitn se
proporciona un método para reducir el desplome de una formacién durante la
perforacién de un pozo, cuyo método comprende:

(a) hacer circular por el pozo un lodo de perforacién que comprende (i) un fluido a
base de agua o petrdleo, (ii) al menos un aditivo para controlar la pérdida de fluido
en una concentracién eficaz para conseguir una pérdida de fluido a elevada
temperatura y elevada presién (HTHP) a partir del lodo de perforacién menor de 2
ml/30 minutos y (iii) un material de puente en macroparticulas sélidas que tiene un
didmetro medio de particula de 25 a 2.000 micrémetros y una concentracién de al
menos 0,5 libras por barril (1,43 kg/m®);

(b) aumentar la presién en el pozo & un valor por encima de la presién de fractura
inicial de la formacién, de manera que se inducen fracturas en la formacién y se

forma un puente sustancialmente impermeable al fluido que comprende el material
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en macroparticulas solidas y el aditivo o aditivos para controlar la pérdida de fluido
en o cerca de [a boca de las fracturas, con io que la formacién resulta as{ fortalecida;
(c) continuar entonces la perforacion del pozo manteniendo la presién en el mismo
por encima de la presion de fractura inicial de la formacién y por debajo de la
presion de desplome de la formaci6n fortalccida.

Para cvitar dudas, la formacién fortalecida puede ser una formacién
permeable o no permeable.

Sin animo de quedar limitados por cualquier teorfa en particular, el
mecanismo por el cual el método de la presente invencion fortalece la pared del pozo
y por tanto reduce el desplome de la formacién es que, a medida que se induce
deliberadamente una fractura en la parcd del pozo, el material en macroparticulas
sOlidas entra en la fractura y la puentea en o cerca de la boca de la fractura. Los
aditivos que tradicionalmente se incluyen cn ¢l lodo de perforacién para controlar la
pérdida de fluido desde el lodo de perforacién al interior de la formacién, precipitan
posteriormente sobre e] material en macroparticulas s6lidas que puentea la fractura o
rcllena los vaclos existentes cntre el material en macroparticulas sdlidas,
estableciendo con ello una masa o puente inmévil impermeable al fluido en o cerca
de la boca de [a fractura. Por tanto, el fluido procedente del lodo de perforacién ya no
puede pasar al interior de la fractura y la presidn dentro de la fractura puede
comenzar a disiparsec hasta que llega a scr sustancialmente la misma que Ia presion
de la formacién circundante. La velocidad de reduccidn de la presién dentro de la
fractura, mds alld del puente, dependeré dc la permeabilidad de la roca y de otros
factores, tales como la accién de soporte del puente que mantiene el desplazamiento
de Ia roca causado por la fractura y la accién de seilado del puente que evita [a

pérdida de fluido desde el lodo de perforacién al interior de la fractura. El
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desplazamiento de la roca causado por la fractura hace que la roca en la regién de la
formacién préxima al pozo (por ejemplo, dentro de una distancia radial de hasta 5
pies (1,524 metros) desde la pared del pozo) se encuentre en un estado de
compresion, aumentando con ello la “tensién circunferencial” y generando una “jaula
de tensiones”. En el caso de que exista una reduccion de presion en la fractura mds
allé del puente, la fractura intentard cerrarse y ello impartird tension sobre la masa o
puente inmévil impermeable al fluido lo cual, a su vez, conduce a impartir una
tension de compresién adicional en la roca cn la regién de la formacién préxima al
pozo. La mayor tensién de compresién cn la regién de la formacién préxima al pozo
hace que la pared del pozo tenga una mayor resistencia frente a una fractura
adicional. Por tanto, el método de la prcsente invencién permite utilizar, en la
perforacién del pozo, un lodo de perforacién de mayor densidad que aquel que
podria utilizarse en ausencia de fortalecimicnto de la formacién. El método presenta
también el efecto beneficioso adicional de reducir la pérdida de fluido desde el lodo
de perforacion al interior de la formacién debido al sellado de las fracturas con la
masa inmdvil impermeable al fluido.

El método del primer aspecto de la presente invencién difiere de un
“apantallamiento” de la extremidad de la fractura en que dicho “apantallamiento”
requiere el uso de un lodo de perforacion de alta pérdide de fluido, de manera que el
material en macroparticulas se acumula rdpidamente en la extremidad de la fractura,
sellando con ello la fractura y evitando que esta Gltima se propague ain més. Por
tanto, el experto en la materia podrd comprender que el uso de un lodo de
perforacion de pérdida de fluido ultra-baja decelerard la deposicién de material en
macroparticulas en la extremidad de la fractura. Ademds, no existe conocimiento

alguno del por qué puede ser preferible realizar el puente en o cerca de la boca de
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una fractura. De este modo, los lodas de perforacidn convencionales utilizados en un
“apantallamiento” de la extremidad dc la fractura estdn disefiados de manera que el
material en macroparticulas penetra ficilmente en la fractura para depositarse en la
extremidad de la misma. Igualmente, un “apantallamiento” de la extremidad de la
fractura no crea una “jaula de tensiones™ eficaz cerca del pozo. Aunque la roca en la
extremidad de la fractura se encontrard bajo una mayor tensién por compresién
(debido a la acumulacién de material en macroparticulas en la extremidad de 1a
fractura), dicha tensidn no sc aplicara a la roca entre la extremidad de la fractura y la
boca de la fractura. Por (ltimo, ha existido un prejuicio contra el uso de un lodo de
perforacion de baja pérdida de fluido debido a la creencia de que un lodo de baja
pérdida de fluido deceleraria la “velocidad de penetracién” mientras se realiza la
operacion de perforacién. Por tanto, resultd sorprendente que un lodo de pérdida de
fluido ultra-baja no reduzca de manera importante la “velocidad de penetracion”.

El valor de la pérdida de fluido para el lodo de perforacién se determina
empleando un ensayoc normalizado de la pérdida de fluido a elevada temperatura y
clevada presiébn (HTHP) de acuerdo con las especificaciones del American
Petroleum Institute (API). como se describe en “Recommended Practice Standard
Procedure for Field Testing Qil-Based Drilling Fluids”, API Recommended Practice
13B-2 Tercera Edicién, Febrero 1998, Seccién 5.2.1 a 5.2.3; y “Recommended
Practice Standard Procedure for Field Testing Qil-Based Drilling Fluids”, API
Recommended Practice 13B-1 Segunda Edicién, Septiembre 1997, Seccién 5.3.1 a
5.3.2. El ensayo utiliza una cuba a presién equipada con un papel de filtro endurecido
normalizado como medio de filtracién. El comportamiento de filtracién del lodo de
perforacién se determina con un diferencial de presién normalizado de un lado a otro

del papel de filtro de 500 psi (3,45 M Pa). Se deja que se forme una torta de filtracion



sobre el papel de filtro durante 30 minutos y se anota entonces el volumen de filtrado
recogido después de dicho pericdo de 30 minutos. Debido a que ef drea de filtracién
(3,5 pulgadas cuadradas (2,258x10”° m?)) de la cuba a presién es la mitad del drea de
filtracién de un ensayo de pérdida de fluido a baja temperatura y baja presién (LTLP)
segilin la norma API (7 pulgadas cuadradas 4,516x106° m?), el volumen de filtrado
despuds de 30 minutos se duplica para proporcionar un valor corregido de 1a pérdida
de fluido APL. Convenientemente, la temperatura a la cual se efectiia el ensayo de
pérdida de fluido a elevada temperatura y elevada presién (HTHP) corresponde a la
temperatura existente en el pozo. Generalmente, la temperatura del ensayo es del
orden de 50 a 150°C.

Por ¢l término “presién de fractura” se quiere dar a entender la presin
minima del fluido en el pozo a la cual se crea una fractura en la pared del pozo.
Como resultard evidente para el experto en la materia, la creacién de una “jaula de
tensiones” cerca del pozo aumentard la presién de fractura de la formacién
fortalecida. En consecuencia, por la expresién “presion de fractura inicia)” de una
formaci6n se quiere dar a entender la presion de fractura de la formacidn antes de la
creacién de la “jaula de tensioncs”. La presién de fractura inicial de una formacién se
puede determinar ficilmente, por ejemplo, a partir de datos historicos.

Por la expresion “presion de desplome de Ia formacion fortalecida” se quiere
dar a entender la presién méxima del fluido que pucde sostenerse dentro del pozo sin
crear una fractura en la formacién fortalecida y/o sin que se desplome el puente o
puentes impermeables al fluido que se han formado en o cerca de la boca de la
fractura o fracturas.

Adecuadamente, Ia presidn en el pozo en la etapa (c¢) del método del primer

aspecto de la presente invencidn es de al menos 50 psi (0,34 M Pa) por encima de la
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presion de fractura inicial de la formacion, con preferencia de al menos 300 psi (2,07
M Pa) por encima de la presién dc fractura inicial de la formacién, por ejemplo de
300 a 1.000 psi (2,07 2 6,90 M Pa) por encima de la presién de fractura inicial de la
formacién, con la condicién de que la presién en el pozo en la etapa (c) se encuentre
por debajo de la presion de desplome de la formacién fortalecida.

Como es bien conocido para el experto en la materia, la presion en la
formacién aumenta generalmente con el incremento de la profundidad de! pozo. Por
tanto, gencralmente es necesario aumentar de forma continua la presién del lodo de
perforacién durante la operacién dc perforacion, por ejemplo, aumentando la
densidad del lodo de perforacién. Surge un problema cuando la presién incrementada
del lodo de perforacién excede de la presion de fractura inicial de una formacién
previamente perforada o excede de la presion de fractura inicial de una formacion
que todavia no ha sido perforada (referida de aquf en adelante como “formacién
débil”). Por tanto, el método del primer aspecto de la presente invencién se puede
emplear para fortalecer dichas formaciones débiles, permitiendo con ello que la
presién del lodo de perforacién quc se utiliza para completar la operacion de
perforacién pucda aumentarse a un valor por encima de la presién de fractura inicial
de la formacion débil. El método del primer aspecto de la presente invencién resulta
particularmente ventajoso cuando la formacién débil es una formacién agotada, es
decir, una formacién que tiene una menor presién en los poros debido a la
produccién de hidrocarburos a partir de la misma. Este descenso de la presién en los
poros debilita la formacién agolada, mientras que las formaciones de baja
permeabilidad préximas o intercaladas pucden mantener su presién en Jos poros.

De este modo, en una modalidad especifica del primer aspecto de Ia presente

invencién, se proporciona un mélodo para reducir el desplome de una formacion
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durante la perforacion de un pozo a través de una formacién débil con un lodo de
perforacién en circulacidn, cuyo método comprende:

(a) hacer circular por el pozo un lodo de perforacién que comprende (i) un fluido a
base de agua o petréleo, (ii) al menos un aditivo para controlar la pérdida de fluido
en una concentracién eficaz para conseguir una pérdida de fluido a elevada
temperatura y elevada presion (HTHP) a partir del lodo de perforacién menor de 2
ml/30 minutos y (iii) un material de puente en macroparticulas sdlidas que tiene un
didmetro medio de particula de 25 a 2.000 micrdmetros y una concentracion de al
menos 0,5 libras por barril (1,43 kg/m’);

(b) aumentar la presion del lodo de perforacién a un valor por encima de la presion
de fractura inicial de la formacién dcébil, de manera que se inducen fracturas en la
formacién débil y se forma un pucnte sustancialmente impermeable al fluido que
comprende ¢l material en macroparticulas sélidas y el aditivo o aditivos para
controlar la pérdida de fluido en o ccrca de la boca de las fracturas, con lo que la
formacién débil resulta as{ fortalccida;

(c) continuar entonces la perforacién dcl pozo manteniendo la presién en €l mismo
por encima de la presién de fractura inicial de la formacién débil y por debajo de la
presion de desplome de la formacion fortalecida.

Queda contemplado que el pozo puede ser perforado empleando un lodo de
perforacién convencional hasta que la presién en el pozo se aproxime a la presion de
fractura inicial de Ia formacién débil. El lodo de perforacién convencional se
sustituye entonces por (o se convierte en) el lodo de perforacién empleado en la
etapa (a) antes de aumentar la presion en el pozo a un valor por encima de la presion
de fractura inicial de la formacion débil. El lodo de perforacién convencional se

puede convertir en el lodo de perforacién empleado en la etapa (a) afiadiendo al lodo



un aditivo para controlar la pérdida de fluido (ii) hasta que el valor de Ia pérdida de
fluido HTHP es menor de 2 ml/30 minutos y afladiendo al lodo el material en
macroparticulas s6lidas que efectiia el puente (iii) en una cantidad de al menos 0,5
libras por barril (1,43 kg/m®). Convenientemente, el material en macroparticulas
solidas que efectia el puente (iii) se puede afiadir a un lodo de perforacién que
comprende los componentes (i) y (ii) inmediatamente antes de aumentar la presién
del lodo de perforacion a un valor por encima de la presién de fractura inicial de la
formacién débil. De cste modo, el lodo de perforacién que se emplea para perforar el
pozo hasta que la presién en cl pozo sc aproxima a la presién de fractura inicial de la
formacién débil, puede comprender los componentes (i) y (iii) en ausencia del
componente (iii).

La formacién débil puedc residir cn una seccién del pozo previamente
perforada y/o en la roca que préximamente ha de ser perforada. Cuando la formacitn
débil se encuentra en la roca que ha de ser préximamente perforads, es necesario
sustituir todo el fluido del pozo por el fluido de perforacién empleado en la etapa (a).
De este modo, la formacién débil cs fortalecida @ medida que se perfora el pozo.
Cuando la formacion débil se cncuentra en una seccion del pozo previamente
perforada, solo es necesario sustituir el fluido del pozo en la proximidad de la
formacién débil. De este modo. se puede introducir en el pozo, como una “pfldora”,
un lodo de perforacién que tiene una alta concentracién del material sélido en
macroparticulas y se puede haccr circular hacia la formacién débil en donde la
composicién concentrada del lodo de perforacién es comprimida al interior de la
formacién débil a vna presion por encima de la presién de fractuna inicial de la
formacién débil, de manera que ¢l material en macroparticulas puentea las fracturas

que son inducidas en la pared dcl pozo en o cerca de la boca del mismo.
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Habitualmente, la pildora se comprime al intcrior de la formacién débil sellando la
corona anular entre una sarta de perforacion y la pared del pozo, subiendo Ia sarta de
perforacién hasta quc sc encuentra inmcdiatamente por debajo de la formacidn débil
y bombeando la pildora al interior dcl pozo por medio de la sarta de perforacién
hasta que la presién en la proximidad de la formacidn débil es mayor que la presién
de fractura inicial. En general, el pozo se paraliza entonces durante un periodo de
hasta 0,5 horas. Después de fortalecer la formacién débil, se puede continuar la
perforaci6n del pozo empleando un lodo dc perforacién convencional, siempre que la
presién en el pozo, cn la proximidad de la formacion fortalecida, se mantenga por
debajo de la presién de desplome dc la formacion fortalecida. Adecuadamente, la
concentracion en la pfldora del material que efectiia el puente deberd ser de al menos
50 libras por barril (143 kg/m’), con preferencia de al menos 80 libras por barril
(228,8 kg/m®). Queda también contemplado que la “plldora” se puede emplear como
un fluido de terminacion y puede scr bombeada al interior del pozo con anterioridad
2 la aplicacién de un ccmento cvando sc entuba el pozo.

En otro aspecio de la prescnic invencién, se proporciona una composicién de
lodo de perforacién que comprende (a) un fluido a base de agua o petrbleo, (b) al
menos un aditivo para controlar la pérdida dc fluido en una concentracién eficaz para
conseguir una pérdida de fAuido a elcvada temperatura y elevada presién (HTHP) a
partir del lodo dc perforacidén menor de 2 ml/30 minutos y (c) un material de puente
en macroparticulas sélidas que ticne un didmetro medio de particula de 25 a 2.000
micrémetros y una concentracién de al menos 0,5 libras por barril (1,43 kg/m?).

Adecuadamente, la densidad especilica del lodo de perforacién es del orden
de 0.9 a 2,5, con prefercncia del orden de 1,0 2 2,0.

Convcnientemente, ¢l maitcrial sélido en macroparticulas que efectia el
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puente y que se incluye en el lodo de perforacion para puentear las fracturas (de aqui
en adelante “material de puente™) comprende al menos un sélido en macroparticulas
sustancialmenic resistente a la trituracién, de manera que el material de puente
mantiene abiertas las fracturas (grietas y fisuras) que son inducidas en la pared del
pozo. Por ¢l término “resistente a la trituracién” se quiere dar a entender que el
material de puente es flsicamente lo suficientemente fuerte pama soportar las
tensiones de cierre ejercidas sobre el puente de la fractura. Materiales de puente
preferidos para afladirse al lodo de perforucion incluyen grafito, carbonato célcico
(preferentemente, méarmol), dolomita (MgCO,-CaCOs), celulosas, micas, materiales
consolidantes tales como arenas o partfculas cerdmicas y combinaciones de los
anteriores. Estos matcriales son muy inerics y son aceptables desde el punto de vista
medioambiental. También queda contcmplado que una porcién det material de
puente puede comprender detritos dc perforacién que tienen el didmetro medio de
particula deseado del orden de 25 a 2.000 micrémetros.

La concentracion del material de puente puede variar con el lodo de
perforacién empleado y con las condiciones de uso. La concentracién ha de ser al
menos lo suficicntcmente grande para que ¢! material de puente puentee rdpidamente
las fracturas (es decir, grietas y fisuras) quc son inducidas en la pared del pozo, pero
no deberd ser tan clevada que haga impracticable la circulacién del lodo de
perforacién, Adccuadamente, ¢l material de puente deberd puentear las fracturas que
son inducidas en la pared dcl pozo en un plazo menor de 10 segundos, con
preferencia menor de 5 segundos desde quc sc abre la fractura, de manera que la
fractura sc mantenga durante un corto periodo. De este modo, el sellado répido de Ja
fractura mitiga el riesgo de que sc propague la fractura. Convenientemente, la

concentracién del material de puente cn el lodo de perforacién es de al menos 5
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libras por barril (14,3 kg/m?), con preferencia de al menos 10 libras por barril (28,6
kg/m*), més preferentemente de al menos 15 libras por baril (42,9 kg/m*), por
ejemplo, al menos 30 libras por barril (85,8 kg/m®). Sin embargo, como se ha
indicado anteriormente, cuando el lodo de perforacién se emplea en un tratamiento
con “pfldoras”, la concentracién del matcrial de puente en macroparticulas es
adecuadamente de al menos 50 libras por barril (143 kg/m?), con preferencia de al
menos 80 libras por barril (228,8 kg/m?).

Adecuadamentc, el maicrial de puente presenta unas dimensiones tales que no
penetra por los poros de cualquier roca permeable a través de la cual estd siendo
perforado el pozo. Con preferencia, ¢l material de puente tiene un didmetro medio de
particula del orden de 50 a 1.500 micrdmetros. més preferentemente de 250 a 1.000
micrédmetros. El material de puente puede comprender particulas sustancialmente
esféricas. Sin embarpo queda también contemplado que el material de puente puede
comprender particulas alargadas, por cjemplo, varillas o fibras. Cuando el material
de puente comprendc particulas alargadas, la longitud media de las mismas deberd
ser tal que las particulas alargadas scan capaces de puentear las fracturas inducidas o
cerca de la boca de las mismas. Gencralmente, las particulas alargadas tendrén una
longitud media del orden dc 25 a 2.000 micrémetros, con preferencia de 50 a 1.500
micrémetros y més preferentemente de 250 a 1.000 micrémetros.

El material dc puentc tiene unas dimensiones tales que forma ficiimente un
puente en o cerca de la boca de las fracturas inducidas. Normalmente, las fracturas
que son inducidas en la pared del pozo tienen un ancho en la boca del orden de 0,1 a
5 mm. El ancho de la ractura depcnde, cntre otros factores, de la resistencia (rigidez)
de la roca de la formaci6n y del grado en el cual se aumenta la presidn en el pozo a

un valor por encima dc la presién de fractura inicial de la formacién durante la etapa
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de induccién de la fractura (b) dc! método de la presente invencién (en otras
palabras, el ancho de la fractura dependc de la diferencia de presién entre el lodo de
perforacién y la presién de fractura inicial de la formacién durante la etapa de
induccién de las fracturas). Es preferible que al menos una porcién del material de
puente, preferentemente una porcién principal del material de puente, tenga un
didmetro de particula que sc aproxime al ancho de la boca de la fractura. Con
preferencia, el maicrial de pucntc ticne una distribucién de tamafio de particula
amplia (polidispersa).

Es neccsario mantencr el matcerial de puente en suspensién en el lodo de
perforacién. En general, el lodo de perforaci6n es reciclado al pozo después de
separar pricticamcnte la totalidad dc los detritos de perforacion. Los detritos de
perforacién pucden ser scparados emplecando tamices como resulta bien conocido
para el experto en la materia. Normalmente, el lodo de perforacién se filtra
empleando un tamiz dc tamafio de malla 200 (serie de tamices US) que retiene
particulas quc tienen un tamafio mayor de 74 micrdmetros. Sin embargo, en el
método de la prescnte invencion, es nccesario filtrar el lodo empleando un tamiz més
basto con el fin de evitar la scparacién del lodo de cantidades importantes del
material de pucnie. Convenicntemente. el lodo de perforacidn se filtra empleando un
tamiz de malla 35 (seric de tamices US) que retiene particulas que tienen un tamafio
mayor de 500 micrémctros. Sin cmbargo, si la reologia del lodo se deteriora a través
de la acumulacién en cl lodo de detritos finos de la perforacién, puede ser necesario
emplear tamices de malla més fina durante un corto periodo de tiempo. También
queda contemplado que pueden emplearse méiodos de separacion que permitan la
retencién de los sélidos de material dc puente pero que puedan separar del lodo de

perforacién una porcién principal de los detritos, con preferencia pricticamente todos
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los detritos. En particular, los detritos se pueden separar del lodo de perforacién en
base a diferencias en las densidades de los detritos y de las particulas de puente, por
ejemplo, emplecando centrifugas o hidrociclones. Con el fin de mantener la
concentracién del material de pucnte cn cl valor deseado en el lodo de perforacién
y/o mantener el valor dc pérdida de fluido del lodo de perforacién por debajo de 2
ml/30 minutos, puede ser necesario introducir material de puente nuevo y/o aditivos
nuevos para controlar la pérdida de fluido, respcctivamente, en el lodo de perforacién
en circulacion. Alternaliva o adicionalmente, se puede afiadir lodo de perforacion
nuevo, bien de forma continua o bien de forma intermitente, al lodo de perforacién
que estd circulando por ¢l pozo.

El lodo de perforacion tienc un valor dc pérdida de fluido HTHP menor de 2
ml/30 minutos, con prefercncia menor dc | ml/30 minutos, méds preferentcmente
menor de 0,5 mI/30 minutos, por ejemplo de 0,1 a 0,3 ml/30 minutos. Como resultard
evidente para el expcrto cn la materia, dichos valores de pérdida de fluido ultra-bajos
se pueden conseguir incorporando cn ¢l lodo de perforacién al menos un aditivo para
controlar la pérdida de fluido. Sin que ello suponga una limitacién a una teoria en
particular, se cree que el aditivo o aditivos para controlar la pérdida de fluido se
acumulard sobre cl matcrial sdlido en macroparticulas que puentea las fracturas en o
cerca de la boca de las mismas, formando con cllo una masa inmévil impermeable al
fluido. Cuando cl material sélido cn macroparticulas que efectiia el puente es poroso,
los aditivos para controlar la pérdida de fluido pueden entrar también en los poros del
material de puente para scllar los poros.

Aditivos adccuados para controlar la pérdida de fluido que pueden
incorporarse cn ¢l lodo de perforacién de la presente invencién incluyen polimeros

orgnicos de origen natural o sintético. Polimeros adecuados incluyen almidén o
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almidones quimicamente modificados; derivados de celulosa tales como
carboximetilcelulosa y celulosa polianiénica (PAC); goma guar y goma de xantano;
homopolimeros y copolimeros de mondmeros seleccionados del grupo consistente en
dcido acrflico, acrilamida, icido archilamido-2-metilpropanosulfénico (AMPS),
dcido  estirenosulfénico, N-vinilacetamida,  N-vinilpirrolidona y N,N-
dimetilacrilamida, en donde el copolimero tiene un peso molecular medio en nGmero
de 100.000 a 1.000.000 v con preferencia de 200.000 a 500.000; asfaltos (por
ejemplo, asfaltos sulfonados); gilsonita; lignito y sus derivados, Acido hidmico;
lignina y sus derivados tales como ligninsulfonatos o ligninsulfonatos poliméricos
condensados; y combinacioncs de los anteriores. Estos aditivos poliméricos son
particularmente adecuados para utilizarse en lodos de perforacién a base de petrdleo.
Como alternativa o, en adicién, al empleo de dichos aditivos poliméricos, la pérdida
de fluido del lodo de perforacion de la presente invencién se puede reducir afladiendo
al lodo de perforacién particulas finamente dispersas tales como arcillas (por
ejemplo, ilita, ceolinina, bentonita o scpiolita). Adecuadamente, las particulas
finamente dispersas ticnen un tamafo medio de particula menor de 10 micrémetros,
con preferencia menor de 5 micrdmetros, por ejemplo de 1 micrémetro
aproximadamente. Prefercnicmente, el lodo de perforacién contiene un intervalo
uniforme/continuo de iamafios de particula que oscila desde 1 micrémetro
aproximadamente para los aditivos rcductores dc la pérdida de fluido a un didmetro
medio de particula del material de puente dc hasta 2.000 micrémetros, es decir,
presenta una distribucion del tamafio e particula amplia (polidispersa).

Queda contemplado que un lodo de perforacién a base de petréleo puede
contener una cantidad importante de una fase acuosa discontinua dispersada en una

fase oleosa continua por medio de al menos un emulsionante (una emulsién de agua



en aceite). El valor de la pérdida de fluido de dichos lodos de perforacién puede
variar en funciéon dc la relacion dc petrdleo a agua y de la naturaleza del
emulsionante o emulsionantes utilizados para formar la emulsién de agua en aceite (y
por tanto del tamafio dc las gotitas dispersas de agua). Con preferencia, ¢l contenido
en agua del lodo de perforacién cs del orden de 80:20 a 50:50, més preferentemente
de 70:30 a 55:45. Los emulsionantes preferidos incluyen imidazolinas, dcidos grasos
y combinaciones de los mismos.

Lodos de perforacion a base de petrdleo que presentan una pérdida de fluido
ultra-baje, particularmente preferidos, se describen en SPE 77446, “Towards Zero
Fluid Loss Oil Based Muds”". M. Aston, P. Mihalik, J. Tunbridge y S. Clarke,
publicado en 2002.

La eficacia del método dc la presente invencién ha quedado demostrada en
condiciones tanto de laboratorio como del campo, como se expone en los siguientes
ejemplos.

Ejemplo 1

Se evaluaron cn el laboratorio formulaciones de lodos a base de petrdleo
inyectando diferentes lodos de perforucién en und fractura modelo (como se describe
en SPE/IADC 87130, “Drilling Fluids for Wellbore Strengthening”, 2-4 Marzo 2004,
M.S. Aston et al). La fractura modclo se formé a partir de dos piezas de roca de
configuracién rcctangular (de piedra arenisca “Ohio” con una permeabilidad de 0,3
miliDarcy). Cada pieza de roca tenla unas dimensiones aproximadas de 5 cm de
ancho x 20 cm de longitud x 1 cm dc profundidad. Las dos piezas de roca fueron
emparedadas de forma conjunta para crcar una fractura que tiene una abertura de
boca de | mm, conificando la abertura de 1a fractura a 0,5 mm en el extremo distante

de la misma (extremidad de la fractura). Se proporciond una vélvula en la salida de la
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extremidad de la fractura, dc mancra que la extrcmidad de la fractura pudiera ser
abierta o sellada. El emparedado de roca se colocd en un apoyo construido para ese
fin, el cual se soportd cn una estructura de carga dentro de una cuba de ensayo. El
ancho de la fractura se mantuvo constante cmplcando separadores fijos. Se midi6 la
presién de fluido dentro de la fractura justo en el interior de la boca de la fractura
empleando un transductor dc presion. Inicialmente, la fractura y los espacios porosos
de la roca se llenaron con un fluido limpio (ague) y el sistema se calentd a una
temperatura de 60° C. Sc aplicé una presion de alrededor de 100 psi (0,69 M Pa) para
comprimir cualquier aire presente en el sistema. Se inyectd entonces lodo de
perforacitn a una presion de 400 psi (2,76 M Pa) al interior de la boca de la fractura
manteniendo abierta Ia extremidad de la lractura (para proporcionar una presién
diferencial de un lado a otro de la fraclura de 300 psi (2,07 M Pa)). Después de 3
minutos, se ccrrd la salida de la extremidad de la fractura empleando la vélvula, de
manera que sc pudiera acumular presién dentro de la fractura (nota: ia fuerza de
impulsién inicial para la formacién del pucnte en la boca de la fractura fue para
cvitar pérdidas de fluido a través de Ia cxtremidad de la fractura). Se aumentd
entonces la presion de inyeccion gradualmente a 2.000 psi (13,97 M Pa). Una presién
baja medida en el transductor de presion indicéd un sellado eficaz en la boca de la
fractura.

Los resultados ofrecidos en la siguicnte tabla 1 comparan las presiones
medidas justo dentro de la boca de la fractura para diferentes lodos de perforacion
utilizados en cl procedimicnto de cnsayo anterior. La presion justo en el interior de la
boca de la fractur s¢ midié después de alcanzarse un valor constante en cada presién

de inyeccifn.

q0
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Tabla 1 - Eficacia de lodos de perforacion en el sellado de una fractura modelo

més material de puentc cn
macroparticutas mds 35
ib/bbl  Pliolita (14,3
kg/m’). pérdida de fluido
HTHP API = 0,1 mi/30
min a una tempcratura de
60° C

Sistema de Presion justo dentro de la boca de la
lodo fractura, medida después de diferentes
presiones de inyeccion del lodo (IP) en
psi
IP 400 (2,76 IP 1.000 IP 2.000
M Pa) (6,70MPs) | (13,79M
Pa)
Lodo 1 Mezcla A de lodo base| 300 (2,07 M | 900 (6,21 M | 1.900 (13,10
(Comparativo | més material de puente en Pa) Pa) M Pa)
) macroparticulas; pérdida
de fluido HTHP API = 3
mi/30 min a una
temperatura de 60° C
Lodo 2 Como el lodo 1, pero 0 30 (1,31 M |1.900 (13,10
contcnicndo 5 Ib/bbl Pa) M Fa)
Pliolita, pérdida de fluido
HTHP APl = 0,3 ml/30
min a una tcmperatura de
60° C
Lodo 3 Mezcla B de lodo base 0 0 0

El lodo 2 forma un sellado mis eficaz que el lodo 1 (Comparativo). Esto se

consiguid reduciendo la pérdida dc fluido HTHP API del sistema de lodo desde 3

ml/30 minutos a 0,3 ml/30 minutos. El lodo 3 consiguié un sellado total en la boca de

la fractura emplcando una mezcla mejorada de material de puente en macroparticulas

en un lodo que tiene una pérdida de fluido HTHP API de 0,1 ml/30 minutos.

La formulacion para el lodo base emplecado en los ensayos anteriores fue

como sigue:

Aceite mineral:

Versamul™ (emulsionante de MI)

0,517 bbls (0,0822 m*)
4,7 Ib/bbl (13,4 kg/m*)
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Versawet™ (agente humectante de MI) 7 Ib/bbl (20,0 kg/m*)
Geltonc™ (organoarcilla dc Halliburton) 6 Ib/bbl (17,2 kg/m®)
Cal 5,25 Ib/bbl (15,0 kg/m?)
Cloruro célcico 17,6 Ib/bbi (50,4 kg/m>)
Agua 0,346 1b/bbl (1,0 kg/m®)
Barita (sulfato de bario) 50 Ib/bbl (143 kg/m*)

Hymod Prima Clay (slidos de perforacion simulados) 4,5 1b/bbl (12,9 kg/m®)

El lodo 1 es ¢l lodo base que conticne los siguientes materiales de puente en

macroparticulas (mezcla A):
Baracarb™ 150: 46 1b/bbl (131,6 kg/m*)
Beracarb™ 600: 9,3 Ib/bbl (26,6 kg/m*)

El lodo 2 es como el lodo 1 pero con la adicién de 5 1b/bbl Pliolite® DF-0!
(aditivo para el control dc la pérdida dc fluido suministrado por Goodyear).
El lodo 3 cs cl loda base conteniendo 5 Ib/bbl (143 kg/m?) Pliolite® DF-01 y

los siguientes materialcs de puente en macroparticulas (mezcla B):

Baracarb™ 1|50: 181b/bbl (51,5 kg/m’)
Baracarb™ 600: 18 1b/bbl (51,5 kg/m°)
Steelseal™: 15 Ib/bbl (42,9 kg/m?)

Baracarb™ |50, Baracarb™ 600 y Steclseal™ se obtuvieron en Halliburton.
Baracarb™ 150 y Baracarb™ 600 son carbonatos de calcio con un didmetro medio
de particula de 150 micrémetros y 600 micrémceiros, respectivamente. Steelseal™ es
un carbén grafitico suministrado por Halliburton, con un intervalo de tamafio medio
de aproximadamentc 400 micrémetros.

Ejemplo 2

Se llev6 a cabo un cnsayo prictico en tierra cn el estanque de Arkoma, USA,
para determinar si cl método de la presente invencién podia aumentar o no la
resistencia de la fractura cn una formacién de pizama. El pozo fue un pozo vertical

con un entubado dc 9 5/8" (24,5 cm). Se rcalizé un ensayo de obturacién prolongada
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(tratemiento dc la pildora por compresién) en 10 pies (3,048 metros) de formacién de
pizarra expuesta (agujero abicrio) justo por debajo de la zapata del entubado de 9
5/8" (24,5 cm). En este ensayo, s¢ empicaron procedimientos de “obtumcién”
normalizados en donde la corona anular cstaba cerrada mientras se bombeaba lodo al
interior del pozo. Inicialmente, cstaba prescnte cn el pozo un lodo a base de diesel
normalizado y este lodo {ue bombeado al interior del pozo a una velocidad de 0,25
bbls/minuto (0,04 m*/minuto) hasta que se present6 el desplome de la formacién de
pizarra expucsta.

La figura 1 ilustra la curva de presién de obturacién prolongada para el lodo a
base de diescl normalizado (curva 1). La formacién de pizarra se fracturd a 1.200 psi
(8,27 M Pa) aproximadamente, cn cuyo momento se detuvo el bombeo del lodo de
perforacion a base dc dicsel normalizado, para reducir al minimo el crecimiento de la
fractura. La presion se estabilizo en 800 psi (5,52 M Pa), que es la presién de
propagacién de las fracturas determinada por el cstado de tensién en campo lejano.
El exceso de presidn en el pozo fue purgado (de nuevo a presién hidrostética), de
manera que se cerraron las fracturas y sc repitid entonces el procedimiento de
obturacién bombeando una pildora dc un lodo de acuerdo con la presente invencién
(de aquf en adeclante “lodo del inventor™) al interior del pozo, también a una
velocidad de 0,25 bbls/minuto (0,04 m*minuto). La figura 1 ilustra ademés la curva
de obturacién prolongada para ¢l lodo del inventor (curva 2). Las fracturas inducidas
en la pared del pozo abicrio son pucnteadas y selladas por las particulas de puente y
aditivos reductores de la pérdida de fluido del lodo del inventor y Ia presién de
desplome de la formacién fortalecida asciende a un valor por encima de 2.000 psi
(13,79 M Pa) antes de que sc desplome cl scllado. Se trata esto de un incremento de

alrededor de 850 psi (35,86 M Pa) cn la presién de desplome de la formacién en

497
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comparacién con el estado original de la formacién de pizarra, equivalente a un peso
de lodo de 5,4 libras por galén (ppg) (647 kg/m?).

E! valor dc pérdida de {luido HTHP API para el lodo del inventor empleado
en la prueba prictica fuc dec 0,45 ml a una tcmperatura de 115° F (46° C)
(temperatura en el fondo del pozo), mientras que el lodo a base de diesel normalizado
tenia una pérdida de fluido HTHP API dc 10 ml a una temperatura de 250° F (121°
C). El lodo del inventor se prepard afladiendo sélidos de puente de carbonato cdlcico,
solidos de puente dec matcrial prafitico y aditivos reductores de la pérdida de fluido al
lodo a base de diescl normalizado dc acucrdo con la presente invencién. El tamafio
de los solidos de puenic oscilé entre 10 y 800 micrémetros y dichos sélidos se
afladieron en una cantidad de 80 libras por barril (228,8 kglm’). El lodo a base dec
diesel normalizado original tenla un peso dc lodo de 9,0 ppg (1.078 kg/m?) y estaba

libre de sélidos de pucnic incorporados.

4
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REIVINDICACIONES

l.- Un mélodo para reducir el desplome de una formacién durante Ia
perforacion de un pozo, caractcrizado porque comprende:
(2) hacer circular por el pozo un lodo de perforacién que comprende (i) un fluido a
base de agua o pctrdleo, (ii) al menos un aditivo para controlar la pérdida de fluido
en una concentracion eficaz para conseguir una pérdida de fluido a elevada
temperatura y elevada presién (HTHIP) a partir del lodo de perforacién menor de 2
ml/30 minutos, en dondc la pérdida de fluido HTHP se determina empleando un
ensayo HTHP de acuerdo con las especificaciones del American Petroleum institute
(AP]), como se describe en APl Reccommended Practice 13B-2 Tercera Edici6n,
Febrero 1998, Seccion 5.2.1 a 52.3 o Recommended Practice 13B-1 Segunda
Edicion, Septiembre 1997, Scccién 5.3.1 a 5.3.2, y (iii) un material de puente en
macroparticulas sélidas que ticne un didmetro medio de particula de 25 a 2.000
micrometros y una concentracion de al menos 0,5 libras por barril (1,43 kg/m®);
(b) aumentar la presion en ¢l pozo a un valor por encima de la presién de fractura
inicial de la formacién. dc manera quc se inducen fracturas en la formacién y se
forma un puente sustancialmente impermeable al fluido que comprende el material
en macroparticulas sdlidas y cl aditivo o aditivos para controlar la pérdida de fluido
en o cerca de la boca de las fracturas, con lo que la formacién resulta asf fortalecida;
(c) continuar entonces la perforacion del pozo manteniendo la presion en el mismo
por encima de la presién de fractura inicial dc la formacién y por debajo de la
presién de desplome dc la formacién fortalecida.

2.-  Un método scgin la reivindicacién 1, caracterizado porque la presion
en el pozo en la etapa (c) se mantiene cn al menos 300 psi (2,07 M Pa) por encima de

la presién de fractura inicial de la formacion y por debajo de 12 presién de desplome
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de la formacién fortalccida.

3.- Un método segin la rcivindicacion 1 o 2, caracterizado porque el
material de pucnte cn macroparticulas solidas sc aflade a un lodo de perforacién en
circulacién que tienc un valor de pérdida dc fluido HTHP menor de 2 mi/30 minutos
antes de aumentar la presion cn el pozo a un valor por encima de la presién de
fractura inicial de la formaci6n.

4.- Un méodo scgin cualquicrn dc las reivindicaciones anteriores,
caracterizado porque la formacion fortalccida es una formacién agotada.

5.- Un mélodo scgin cuslquicra de las reivindicaciones 1 a 3,
caracterizado porque la formacion fortalecida cs una formacion débil en una seccién
de pozo previamente periorada.

6.- Un método segin cualquicra dc las reivindicaciones anteriores,
caracterizado porque ¢l lodo de perforacién ticne un valor de pérdida de fluido
HTHP menor de | ml/30 minutos, con preferencia menor de 0,5 mI/30 minutos.

7.-  Un método segin cualquicra de las reivindicaciones anteriores,
caracterizado porque la concentracién dc maicrial de puente en macroparticulas
s6lidas en el lodo de perforacién en circulacién cs de al menos 10 libras por barril
(26,6 kg/m), con preferencia de al menos 15 libras por barril (42,9 kg/m’)

8.- Un método segin cualquicra dc las reivindicaciones anteriores,
caracterizado porque cl lodo de perforacién sc recicla al pozo después de separar del
mismo €] material que ticnc un tamafio mayor de 500 micrémetros empleando un
tamiz de malla 35 (scric de tamices US).

9.-  Un método scglin la reivindicacién 8, caracterizado porque se aflade
material de puentc nucvo en macroparticulas sélidas al lodo de perforacidn antes de

reciclar el lodo dc perforacién al pozo.

46
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10.- Un método segiin cualquicra de las reivindicaciones 1 a 7,
caracterizado porque cl lodo de perforacién sc recicla al pozo después de separar del
mismo los detritos dc perforacién empleando una centrifuga o hidrociclén.

11.-  Un método segin la reivindicacién 5 o 6, caracterizado porque se hace
circular por la formacién débil una pildora del lodo de perforacién que tiene una
concentracién dc matcrial de pucnte cn macroparticulas sélidas de al menos 50 libras
por barril (143 kg/m’) y se comprime dicha pfldora dentro de la formacién débil,
manteniendo la presién cn el pozo en la proximidad de la formacién débil en una
valor por encima de la presion de fractura inicial de la formacién débil.

12.- Una composicién de lodo de perforacién, caracterizada porque
comprende (a) un fluido a base dc agua o petr6leo, (b) al menos un aditivo para
controlar la pérdida dc fluido cn una concentracién eficaz para conseguir una pérdida
de fluido a elevadn tcmperatura y clevada presion (HTHP) a partir del lodo de
perforacién menor dc 2 ml/30 minutos, cn donde la pérdida de fluido HTHP se
determina empleando un ensayo HTHP de acuerdo con las especificaciones del
American Petroleum institute (API). como sc describe en APl Recommended
Practice 13B-2 Tercera Edicidon, Febrero 1998, Seccién 5.2.1 a 5.23 o
Recommended Practice 13B-1 Scpunda Edicion, Septiembre 1997, Seccién 5.3.1 a
5.3.2, y (c) un material dc pucntc en macroparticulas sdlidas que tiene un didmetro
medio de particula dc 50 a 1.500 micrémetros y una concentracién de al menos 0,5
libras por barril (1,43 kg/m?).

13.- Una composicién de lodo de perforacidn seglin la reivindicacién 12,
caracterizada porque tiene una densidad especifica del orden de 0,9 a 2,5.

14.-  Una composicién de lodo de perforacién segin la reivindicacion 12 o

13, caracterizada porquc cl material de pucnte en macroparifculas sélidas comprende



27-

al menos un sélido en macroparticulas sustancialmente resistente a la trituracién y
seleccionado del grupo consisicnic cn grafito, carbonato célcico (preferentemente
marmol), dolomita, celulosas, micas, arena y particulas cerdmicas.

15.- Una composicion de lodo de perforacion segin cualquiera de las
reivindicaciones 12 a 14. caraclerizada porque la concentracién del material de
puente en macroparticulas solidas cs de al menos 10 libras por barril (28,6 kg/m?),
con preferencia de al menos 15 libras por barril (42,9 kg/m®).

16.- Una composicién dc lodo de perforacién segin cualquiera de las
reivindicacioncs 12 a 15, caracterizada porque el material de puente en
macroparticulas sélidas lienc un didmetro medio de particula del orden de 250 a
1.000 micrémelros.

17.- Una composicién dc lodo dc perforacién seglin cualquiera de las
reivindicacioncs 12 a 16, caracterizada porque tiene un valor de pérdida de fluido
HTHP menor de | mI/30 minutos, con preferencia menor de 0,5 ml/30 minutos.

18.- Una composicion dc lodo dc perforacién segun cualquiera de las
reivindicacioncs 12 a 17. caraclerizada porque el aditivo o aditivos para controlar la
pérdida de fluido sc eligen entre polimeros orgénicos de origen natural o sintético y

arcillas finamente dispersas.
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RESUMEN

Un método para reducir ¢l desplome de una formacién dumante 1a perforacién
de un pozo, cuyo méiodo comprende: (a) hacer circular por el pozo un lodo de
perforacién que comprende (i)} un fluido a base de agua o petréleo, (ii) al menos un
aditivo para controlar la pérdida de fluido en una concentracién eficaz para conseguir
una pérdida de fluido a elcvada temperatura y clcvada presion (HTHP) a partir del
lodo de perforacién menor dec 2 mi/30 minutos y (iii) un material de puente en
macroparticulas sélidas que tiene un didmetro medio de particula de 25 a 2.000
micrémetros y una concentrucién de ul menos 0,5 libras por barril (1,43 kg/m®); (b)
aumentar la presion en el pozo a un valor por cncima de la presién de fractura inicial
de 1a formacidn, de manera que se inducen fracturas en la formacidn y se forma un
puente sustancialmente impermeable al fluido que comprende el material en
macroparticulas sélidas v cl aditivo o aditivos para controlar la pérdida de fluido en o

cerca de la boca dc las fracturas, con lo que la formacion resulta asi fortalecida; (c)

continuar entonces la perforacién del pozo manteniendo la presién en el mismo por’

encima de la presion de fractura inicial de la formacién y por debajo de la presién de

desplome de la formacién fortalecida.

«f
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Dear Sirs

International Patent Application No: PCT/GB2004/003154
international Filing date 19 July 2004
Our Ref: Case 10061

This is in response to the Written QOpinion dated 10 February 2005, that has
been issued in respect of the above-identified International patent

application.
Please replace the claims as previously filed with new claims 1 to 18.

Claims 1 and 12 have been amended by incorporating the feature “wherein
the HTHP fluid loss is determined using an HTHP test according to the
specifications of the American Petroleum institute {API), as described in API
Recommended Practice 13B-2 Third Edition, February 1998, Section 5.2.1
to 5.2.3 or Recommended Practice 13B-1 Second Edition, September 1997,
Section 5.3.1 t0 5.3.2." Basis for this amendment is to be found at page 4,
line 24 to page 5, line 7 of the present application.

Claim 12 has also been amended such that the bridging particulate material
has an average particle diameter in the range 50 to 1500 microns. Support
for this amendment is provided at page 8, lines 31 to 32 of the specification.

Claim 16 has been amended such that the average particle diameter is in
the range 250 to 1000 microns. Basis for this amendment is provided at
page 8, lines 31 to 33 of the specification.

contd/....

Ragistersi m England and Walza, Ho 547515
Registered Offics Chertiey Road
Sunbury-on-Thamas, Middiessz, TW18 7THP
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Re: item V

EP 1074598 (D1} discloses a drilling fluid comprising an aqueous base fluid,
a bridging agent and a fluid loss control additive {see paragraph [0011)). The
bridging material may be calcium carbonate or dolomite at a concentration
of 5 to 50 ppb (see paragraphs [0031 to (0033]). The fluid loss of the drilling
fluid is said to be less than 10 ml as measured at a temperature of 185°C
and 250 psi differential pressure across a 5 micron disk for 30 minutes (see
paragraph [0041]). D1 teaches that a fluid loss measured under these
conditions is a high temperature, high pressure fluid loss (see paragraph
{0059)). However, the measurement was carried out at a lower differential
pressure {250 psi} and a higher temperature (185°C) than employed in the
test of amended Claim 12. Thus, the test according to the specification of
the American Petroleum Institute (API) is carried out at a differential
pressure of 500 psi and a temperature of up to 177°C (see ltem VHI). The
person skilled in the art would understand that the volume of filtrate
collected in Example 10 of D1 is likely to be considerably less than if the
test had been performed at the higher differential pressure of the API test.
The Examiner states that Example 10 of D1 shows HTHP fluid loss of
between 1.5 and 4 ml in 30 minutes. However, the lower values of fluid
loss for Example 10 relate to “spurt loss” during the initial period of the
test. The fluid loss values at 30 minutes were from 3 to 4 ml i.e. greater
than the upper limit for the fluid loss value of Claim 12.

As acknowledged by the Examiner, there'is no disclosure of a particle size
range of 25 to 2000 microns for the bridging agent of D1. The bridging
agent employed in the fluids of D1 is said to have particles that have been
sized to have a particle size distribution sufficient to seal off the pores of the
formations contacted by the well drilling and servicing fluid (see paragraph
[0030]). Similarly, in document D4 {US 6,403,637), the system preferably
includes bridging agents to bridge the pores in the formation. In contrast,
the bridging particulate material of the composition of Claim 12 of the
present application is sized so as to readily form a bridge at or near the
mouth of induced fractures as opposed to being sized to bridge the pores.
Typically, the fractures that are induced in the wellbore wall have a fracture
width at the mouth in the range 0.1 to 5 mm (100 to 5000 microns) and it is
preferred that at least a portion of the bridging material has a particle
diameter approaching the width of the fracture mouth (see page 9, lines 8
to 18 of the present application). In contrast, the pores of a formation
typically have a pore throat width of less than 50 microns. Accordingly, the
preferred calcium carbonate particles of D4, having a mean particle size of
about 30 microns, are the ideal size for bridging the pores of a formation.
Larger particles are preferred for bridging at or near the mouth of the
induced fractures. Thus, in Example 1 of the present application, the
bridging particulate materials have average particle diameters of 150, 600
and approximately 400 microns. In order to further distinguish the
composition of Claim 12 from the cited art, the range for the average



particle diameter of Claim 12 has been amended to exclude particles having
a mean particle size of about 30 microns. The Applicant therefore believes
that {a} the use of the bridging particles of the composition of Claim 12 is
different to the use of the bridging particles of the compositions of
documents D1 and D4 and (b} the size of the bridging particles of the
composition of amended Claim 12 is different to the size of the preferred
bridging particles of document D4, Accordingly, the range of particle sizes
in amended Claim 12 is not unduly broad.

Applicant therefore considers that amended Claim 12 and dependent Claims
13 to 18 are inventive in the light of document D1 when taken alone and
when combined with document D4.

Re: item VII

1) The expression incorporated by reference, has been deleted from Page
11 of the present application.

2) The units “pounds per barrel”, "bbis” {barrels), "Ib per barrel”, “ib/bbl”,
“psi”, “pounds per gallon”, "ppg"” (pounds per gallon), and “feet”
employed in Claims 1, 7, 11, 12 and 15 and on page 4-8, 12-15 have
been additionally expressed in terms of the units stipulated by Rule
10.1/(1)/and/(b) PCT.

Re: ltem VI

The Examiner considered that the subject matter of claims 1, 6, 12and 17
was not clear (Art. 6 PCT) because the operating conditions of the HTHP
fiuid loss measurement were not given. Claims 1 and 12 have been
amended to clarify the test is carried out according to the specifications of
the American Petroleum institute {APl}. Claims 6 and 17 are dependent
upon Claims 1 and 12 respectively and therefore also incorporate this
amendment. Copies of the API test procedures are enclosed. The API test
employs a Whatman No. 50 or S&S 576, or equivalent, filter paper, as the
filtration medium and a differential pressure across the filtration medium of
500 psi. The test temperature may be up to and including 350°F {177°C).
However, the test temperature is not fixed. Instead, as stated at page b,
lines 5 to 7 of the present application:

“Suitably, the temperature at which the high temperature high pressure
{HTHP) fluid loss test is carried out corresponds to the temperature in
the borehole. Generally, the test temperature is in the range 50 to
150°C.”

A replacement description and replacement set of claims is enclosed in
duplicate. Owing to the large number of amendments, a marked-up



description and claims is provided with the amendments highlighted in bold.

Yours faithfully

£.m. (s

Dr F M Collins
Authorised Agent

Encs.
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Case 10061(2)

DRILLING METHQOD

The present invention relates to drilling of wells through a subterranean
formation, and more particularly to a method of increasing the resistance of the wellbore
wall to fracturing during drilling operations.

Conventionally, the drilling of a well into the earth by rotary drilling techniques,
involves the circulation of a drilling fluid from the surface of the earth down a drill
string having a drill bit on the lower end thereof and through ports provided in the drill
bit to the well bottom and thence back to the surface through the annulus formed about
the drill string. Commonly, drilling fluids are employed that are either il or water
based. These fluids are treated to provide desired rheological properties which make the
fluids particularly useful in the drilling of wells.

A problem often encountered in the drilling of a well is the loss of unacceptably
large amounts of drilling fluid into subterranean formations penetrated by the well. This
problem is often referred to generally as "lost circulation," and the formations into
which the drilling fluid is lost are often referred to as “lost circulation zones" or “thief
zones". Various causes may be responsible for the lost circulation encountered in the
drilling ef a well. For example, a formation penetrated by the well may exhibit
unusually high permeability or may contain fractures or crevices therein. In addition, a
formation may simply not be sufficiently competent to support the pressure applied by
the drilling fluid and may break down under this pressure and allow the drilling fluid to
flow thereinto.

It is this latter situation where the formation is broken down by the pressure of
the drilling fluid to which the present invention is addressed. One of the limiting factors

in drilling a particular portion of a well is the mud weight (density of the drilling fluid)
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that can be used. If too high a mud weight is used, fractures are created in the wall of
the borehole with resulting loss of drilling fluid and other operating problems. On the
other hand, if too low a mud weight is used, encroachment of formation fluids can
occur. borehole collapse may occur due to insufficient support from the fluid pressure in
the wellbore, and in extreme cases safety can be compromised due to the possibility of a
well blowout. In many cases, wells are drilled through weak or lost-circulation-prone
zones prior to reaching a potential producing zone, requinng use of a low mud weight
and installation of sequential casing strings to protect weaker zones above a potential
producing zone. If a higher weight mud could be used in drilling through weaker or
depleted zones, then there is a potential for eliminating one or more casing strings in the
well. Elimination of even one casing string from a well provides important savings in
time, material and costs of drilling the well. Thus, there is a need for a method of
dnlling boreholes using a higher mud weight than could normally be used without
encountering formation breakdown problems.

Surprisingly, it has now been found that formation breakdown during drilling
can be controlled by drilling the borehole using an ultra-low fluid loss mud with the
pressure of the drilling mud maintained at above the initial fracture pressure of the
formation wherein the fractures that are induced in the wellbore wall are bridged at or
near the mouth thereof by a solid particulate material that is added to the drilling mud
and the bridge is sealed by the accumulation of fluid loss additives in the voids between
the bridging particles and/or the precipitation of fluid loss additives onto th; bridging
particles. The presence of the fluid impermeable bridge at or near the mouth of the
fracture strengthens the near wellbore region of the formation by generating a stress
cage. Thereafter, the drilling of the wellbore is continued with the pressure of the
drilling mud maintained at below the breakdown pressure of the strengthened formation.

Thus, according to a first aspect of the present invention there is provided a
method of reducing formation breakdown during the drilling of a wellbore which
method comprises:

(a) circulating a dnlling mud in the wellbore comprising (i) an aqueous or oil based
fluid, (ii) at least one fluid loss additive at a concentration effective to achieve a high
temperature high pressure (HTHP) fluid loss from the drilling mud of less than 2 ml/30
minutes and (jii) a solid particulate bridging material having an average particle

diameter of 25 to 2000 microns and a concentration of at least 0.5 pounds per barrel
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(1.43 kg/m’);

(b) increasing the pressure in the wellbore to above the initial fracture pressure of the
formation such that fractures are induced in the formation and a substantially fluid
impermeable bridge comprising the solid particulate material and the fluid loss
additive(s) is formed a1 or near the mouth of the fractures thereby strengthening the
formation;

(c) thereafter continuing to drill the wellbore with the pressure in the wellbore
maintained at above the initial fracture pressure of the formation and below the
breakdown pressure of the strengthened formation.

For avoidance of doubt, the strengthened formation may be a permeable or non-
permeable formation.

Without wishing to be bound by any theory, the mechanism by which the
method of the present invention strengthens the wall of the wellbore and hence reduces
formation breakdown is that as a fracture is deliberately induced in the wellbore wall,
the solid particulate material enters and bridges the fracture at or near the mouth of the
fracture. Additives which are conventionally included in the drilling mud to reduce loss
of fluid from the drilling mud into the formation subsequently either precipitate on the
solid particulate material that bridges the fracture or fill the voids between the solid
particulate material thereby establishing a fluid impermeable immobile mass or bridge
at or near the mouth of the fracture. Accordingly, fluid from the drilling mud can no
longer pass into the fracture and the pressure within the fracture may begin to dissipate
until it is substantially the same as the pressure of the surrounding formation. The rate
of reduction in pressure within the fracture beyond the bridge will depend on the rock
permeability and other factors such as the supporting action of the bridge which
maintains the rock displacement caused by the fracture and the sealing action of the
bridge which prevents fluid loss from the drifling mud into the fracture. The rock
displacement caused by the fracture places the rock in the near wellbore region of the
formation (for example, within a radial distance of up to 5 feet (1.524 metres) from the
wellbore wall) in a state of compression, thereby increasing the “hoop stress” and
generating a “stress cage”. Ifthere is a reduction in pressure in the fracture beyond the
bridge, the fracture will attempt to close and this will impart stress on the fluid
impermeable immobile mass or bridge which, in turn, leads to additional compressive

stress being imparted to the rock in the near wellbore region of the formation. The
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increased compressive stress in the near wellbore region of the formation results in the
wall of the wellbore having a greater resistance to further fracturing. The method of the
present invention therefore allows a drilling mud of higher density to be employed in
drilling the wellbore than could be used in the absence of strengthening of the
formation. The method also has a further beneficial effect of reducing loss of fluid from
the drilling mud jnto the formation owing to the sealing of the fractures with the fluid
impermeable immobile mass.

The method of the first aspect of the present invention differs from a
conventional “tip screen out” in that a “tip screen out"” requires the use of a high fluid
loss drilling mud so that panticulate material accumulates rapidly at the fracture tip
thereby sealing the fracture and preventing further propagation of the fracture. The
person skilled in the art would therefore have concerns that the use of an ultra-low fluid
loss drilling mud would slow down deposition of particulate material at the fracture tip.
Furthermore, there was no understanding that it may be preferable to bridge at or near
the mouth of a fracture. Thus, conventional drilling muds employed in a “tip screen
out” gre designed so that the particulate material readily penetrates into the fracture to
deposit at the fracture tip. Also, a “tip screen out” does not create an effective near
wellbore “stress cage™. Although the rock at the fracture tip would be under increased
compressive stress (owing to the accumulation of particulate material at the fracture
tip), this would not apply to the rock between the fracture tip and the mouth of the
fracture. Finally, there was a prejudice against using a low fluid loss drilling mud
owing to a belief that a low fluid loss mud would slow down the “rate of penetration”
while drilling. It was therefore surprising that an ultra-low fluid loss mud does not
significantly reduce the “rate of penetration”.

The fluid loss value for the drilling mud is determined using a standard high
temperature high pressure (HTHP) fluid loss test, according to the specifications of the
American Petroleum Institute (API), as described in “Recommended Practice Standard
Procedure for Field Testing Oil-Based Drilling Fluids”, APl Recommended Practice
13B-2 Third Edition, February 1998, Section 5.2.1 to 5.2.3; and “Recommended
Practice Standard Procedure for Field Testing Water-Based Drilling Fluids™, API '
Recommended Practice 13B-1 Second Edition, September 1997, Section 5.3.1 to 5.3.2.
The test employs a pressurized cell fitted with a standard hardened filter paper as a
filtration medium. The filtration behaviour of the drilling mud is determined with a
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standard pressure differential across the filter paper of 500 psi (3.45 M Pa). A filter
cake is allowed to build up on the filter paper for 30 minutes and the volume of filtrate
collected after this 30 minule period is then recorded. Because the filtration area (3.5
square inches (2.258 x10? mz)) of the pressurized cell is half the filtration areaof a
standard API low temperature low pressure (LTLP) fuid loss test (7 square inches
(4.5]6:10'3 m?)), the filtrate volume after 30 minutes is doubled to give a corrccted AP)
fluid loss value. Suitably, the temperature at which the high temperature high pressure
(HTHP) fluid loss test is carried out corresponds to the temperature in the borehole.
Generally, the test temperature is in the range 50 to 150°C.

By “fracture pressure™ is meant the minimum fluid pressure in the wellbore at
which a fracture is created in the wellbore wall. As would be evident to the person
skilled in the art, creation of a near wellbore “stress cage™ will increase the fracture
pressure of the strengthened formation. Accordingly, by “initial fracture pressure” of a
formation is meant the fracture pressure of the formation prior 1o creation of the “stress
cage”. The initial fracture pressure of a formation may be readily determined, for
example, {from historical data. _

By “breakdown pressure of the strengthened formation™ is meant the maximum
fluid pressure that can be sustained within the wellbore without creating a fracture in the
strengthened formation and/or without breaking down the fluid impermeable bridge(s)
that has been formed at or near the mouth of the fracture(s).

Suitably, the pressure in the wellbore in step (c) of the method of the first aspect
of the present invention is at least 50 psi (0.34 M Pa) above the initial fracture pressure
of the formation, preferably, at least 300 psi (2.07 M Pa) above the initial fracture
pressure of the formation, for example 300 to 1000 psi (2.07 to 6.90 M Pa) above the
initial fracture pressure of the formation, with the proviso that the pressure inthe
wellbore in step (c) is below the breakdown pressure of the strengthened formation.

As is well known to the person skilled in the art, formation pressure generally
increases with increasing depth of the wellbore. It is therefore generally necessary to
continuously increase the pressure of the drilling mud during the drilling operation, for
example, by increasing the density of the dril]ing mud. A problem arises when the
increased pressure of the drilling mud exceeds the initial fracture pressure of a
previously drilling formation or exceeds the initial fracture pressure of a formation that
is yet to be drilled (hereinafler referred 1o as “weak formation™). The method of the first

5
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aspect of the present invention may therefore be used to strengthen such weak
formations thereby allowing the pressure of the drilling mud that is employed for
completing the drilling operation to be increased to above the initial fracture pressure of
the weak formation. The method of the first aspect of the present invention is
particularly advantageous where the weak formation is a depleted formation i.e. a
formation having a decreased pore pressure owing to production of hydrocarbons
therefrom. This decrease in pore pressure weakens the depleted formation while
neighbouring or inter-bedded low permeability formations may maintain their pore
pressure.

Thus, in a specific embodiment of the first aspect present invention there is
provided a method of reducing formation breakdown during the drilling of a wellbore
through a weak formation with a circulating drilling mud which method comprises:

(a) circulating in a wellbore a drilling mud comprising (i) an aqueous or oil based fluid,
and (ii) at least one fluid loss additive at a concentration effective to achieve a high
temperature high pressure (HTHP) fluid loss from the drilling mud of less than 2 ml/30
minutes and (iii) a solid particulate bridging material having an average particle
diameter of 25 to 2000 microns and a concentration of at least 0.5 pounds per barrel
(1.43 kg/m®),;

(b) increasing the pressure of the drilling mud to above the initial fracture pressure of
the weak formation such that fractures are induced in the weak formation and a
substantially fluid impermeable bridge comprising the solid particulate material and the
fluid loss additive(s) is formed at or near the mouth of the fractures thereby
strengthening the weak formation;

(c) thereafter continuing to drill the wellbore with the pressure in the wellbore
maintained at above the initial fracture pressure of the wezk formation and below the
breakdown pressure of the strengthened formation.

It is envisaged that the wellbore may be drilled using a conventional drilling
mud until the pressure in the wellbore approaches the initial fracture pressure of the
weak formation. The conventional drilling mud is then replaced by (or converted into)
the drilling mud employed in step (a) before increasing the pressure in the wellbore to
above the initial fracture pressure of the weak formation. The conventional drilling mud
may be converted into the drilling mud employed in step (a) by adding at least one fluid
loss additive (ii) to the mud until the HTHP fluid loss value of the mud is less than 2
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m1/30 minutes and adding the solid particulate bridging material (iii) to the mud in an
amount of at least 0.5 pound per barrel (1.43 kg/m’). Suitably, the solid particulate
bridging material (iii} may be added to a drilling mud comprising components (i) and
(ii) immediately before increasing the pressure of the drilling mud to above the initial
{racture pressure of the weak formation. Thus, the drilling mud that is used to drill the
wellbore until the pressure in the wellbore approaches the initial fracture pressure of the
weak formation may comprise components (i) and (ii) in the absence of component (iii).
The weak formation may lie in a previously drilled section of the wellbore
and/or in the rock that is about to be drilled. Where the weak formation is in the rock
that is about to be drilled, it is necessary to replace the entire wellbore fluid wilh. the
drilling mud employed in step (a). Thus, the weak formation is strengthened as the
wellbore is being drilled. Where the weak formation lies in a previously drilled section
of the wellbore, it is only neeessary to replace the wellbore fluid in the vicinity of the
weak formation. Thus, a drilling mud having a high concentration of the particulate
solid material may be introduced into the wellbore as a *'pill” and may be circulated to
the weak formation where the concentrated drilling mud composition is squeezed into
the weak formation at a pressure above the initial fracture pressure of the weak
formation so that the bridging particulate material bridges the fractures that are induced
in the wellbore wall at or near the mouth thereof. Typically, the pill is squeezed into the
weak formation by sealing the annulus between a drill string and the wellbore wall,

raising the drill string until it lies immediately below the weak formation, and pumping

" the pill into the wellbore via the drill string until the pressure in the vicinity of the weak

formation is greater than the initial fracture pressure. Generally, the well is then shut in

for a period of up 10 0.5 hour. Afier strengthening the weak formation, drilling of the
wellbore may be continued using a conventional drilling mud with the proviso that the
pressure in the wellbore in the vicinity of the strengthened formation is maintained
below the breakdown pressure of the strengthened formation. Suitably, the
concentration of bridging material in the pill should be at least 50 pounds per barrel
(143 kg/m®), preferably at least 80 1b per barrel (228.8 kg/m?). It is also envisaged that
the “pill” may be employed as a completion fluid and may be pumped into the wellbore
in advance of a cement when casing a wellbore.

In a further aspect of the present invention there is provided a drilling mud

composition comprising (2) an aqueous or oil based fluid, (b) at least one fluid loss

7
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additive at a concentration effective to achieve a high temperature high pressure
(HTHP) fluid loss from the drilling mud of less than 2 ml/30 minutes and (c) a solid
particulate bridging material having an average panicle diameter of 25 to 2000 microns
and a concentration of at least 0.5 pounds per barrel (1.43 kg/m*).

Suitably, the specific gravity of the drilling mud is in the range 0.9 to 2.5,
preferably in the range 1.0 to 2.0. '

Suitably, the solid particulate bridging material that is included in the drilling
mud to bridge the fractures (hereinafier “bridging material”) comprises at least one
substantially crush resistant particulate solid such that the bridging material props open
the fractures (cracks and fissures) that are induced in the wall of the wellbore. By
“crush resistant” is meant that the bridging material is physically strong enough to
withstand the closure stresses exerted on the fracture bridge. Preferred bridging
materials for adding to the drilling mud include graphite, calcium carbonate (preferably,
marble), dolomite (MgCO;.CaCQ;s). celluloses, micas, proppant materials such as sands
or ceramic particles and combinations thereof. These materials are very inert and are
environmentally acceptable. It is also envisaged that a portion of the bridging material
may comprise drill cuttings having the desired average particle diaineter in the range of
25 to 2000 microns.

The concentration of the bridging material may vary with the drilling mud used
and the conditions of use. The concentration must be at least great enough for the
bridging material to rapidly bridge the fractures (i.e. cracks and fissures) that are
induced in the wall of the wellbore but should not be so high as to make circulation of
the drilling mud impractical. Suitably, the bridging material should bridge the fractures
that are induced in the wellbore wall within less than 10 seconds, preferably less than 5
seconds from when the fracture opens so that the fracture remains short. Thus, rapid
sealing of the fracture mitigates the risk of the fracture propagating. Suitably, the
concentration of bridging material in th-e drilling mud is at least 5 pounds per barrel
(14.3 kg/m®), preferably at least 10 pounds per barrel (28.6 kg/m®), more preferably at
least 15 pounds per barrel (42.9 kg/m®), for example, at least 30 pounds per barrel (85.8
kg/m*). However, as discussed above, where the drilling mud is employed in a “pill"
treatment, the concentration of the bridging particulate material is suitably at least 50
pounds per barrel (143 kg/m®), preferably at least 80 pounds per barrel (228.8 kg/m®).

Suitably, the bridging material is sized so as not to enter the pores of any
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permeable rock through which the wellbore is being drilled. Preferably, the bridging
material has an average particle diameter in the range 50 to 1500 microns, more
preferably 250 to 1000 microns. The bridging material may comprise substantially
spherical particles. However, it is also envisaged that the bndging material may
comprise elongate particles, for example, rods or fibres. Where the bridging material
comprises elongate particles, the average length of the elongate particles should be such
that the elongate particles are capable of bridging the induced fractures at or near the
mouth thereof. Typically. the elongate particles will have an average length in the range
25 to 2000 microns, preferably 50 to 1500 microns, more preferably 250 to 1000
microns.

The bridging material is sized so as to readily form a bridge at or near the mouth
of the induced fractures. Typically, the fractures that are induced in the wellbore wall
have a fracture width at the mouth in the range 0.1 to Smm. The fracture width is
dependent, amongst other factors, upon the strength (stiffness) of the formation rock and
the extent to which the pressure in the wellbore is increased to above initial fracture
pressure of the formation during the fracture induction step (b) of the method of the
present invention (in other words, the fracture width is dependent on the pressure
difference between the drilling mud and the initial fracture pressure of the formation
during the fracture induction step). It is preferred that at Ieast a portion of the bridging
material, preferably, a major portion of the bridging material has a particle diameter
approaching the width of the fracture mouth. Preferably, the bridging material has a
broad (polydisperse) particle size distribution.

It is necessary to keep the bridging material in suspension in the drilling mud.
Generally, a drilling mud is recycled to the wellbore alter removal of substantially all of
the drill cuttings. The drill cuttings may be removed using screens as would be well
known to the person skilled in the art. Typically the drilling mud is filtered using a 200
mesh size screen (US sieve series) that retains particles having a size of greater than 74
microns. However, in the method of the present invention, it is necessary to filter the
mud using a coarser screen so as to avoid scparation of substantial amounts of the
bridging material from the mud. Suitably, the drilling mud is filtered using a 35 mesh
screen {(US sieve series) that retains particles having a size of greater than 500 microns.
However, if the rheology of the mud deteriorates through the accumulation of fine drill

cuftings in the mud, it may be necessary to employ finer mesh screens for a short period

9

o]



10

15

20

25

30

of time. It is also envisaged that separation methods may be employed which allow the
bridging solids to be retained but a major portion of the cuttings, preferably
substantially all of the cuttings, to be separated from the drilling mud. In particular, the
cuttings may be separated from the drilling mud by relying on differences in the
densities of the cuttings and the bridging particles, for example, using centrifuges or
hydrocyclones. In order to maintain the concentration of the bridging material at the
desired value in the drilling mud and/or to maintain the fluid loss value of the drilling
mud at below 2 ml/30 minutes. it may be necessary to introduce fresh bridging material
and/or fresh fluid loss additives respectively into the circulating drilling mud.
Altemnatively, or in addition, fresh drilling mud may be either continuously or
intermittently added to the drilling mud that is being circulated in the wellbore.

The drilling mud has an HTHP fluid loss value of less than 2 ml/30 minutes,
preferably, less than 1 m1/30 minutes, more preferably less than 0.5 ml/30 minutes, for
example 0.1 to 0.3 ml/30 minutes. As would be well known to the person skilled in the
art, such ultra-low fluid loss values may be achieved by incorporating at least one fluid
loss additive in the drilling mud. Without wishing to be bound by any theory, it is
believed that the fluid loss additive(s) will build up on the solid particulate material that
bridges the fractures at or near the mouth thereof thereby forming a fluid impermeable
immobile mass. Where the solid particulate bridging material is porous, the fluid loss
additives may also enter the pores of the bridging material to seal the pores. .

Suitable fluid loss additives that may be incorporated in the drilling mud of the
present invention include .organic polymers of natural or synthetic origin. Suitable
polymers include starch or chemically modified starches; cellulose derivatives such as
carboxymethylcellulose and polyanionic cellulose (PAC); guar gum and xanthan gum;

homopolymers and copolymers of monomers selected from the group consisting of

" acrylic acid, acrylamide, acrylamido-2-methy] propane sulfonic acid (AMPS), styrene

sulphonic acid, N-vinyl acetamide, N-vinyl pyrrotidone, and N,N-dimethylacrylamide
wherein the copolymer has a number average molecular weight of from 100,000 to
1,000,000, and preferably 200,000 to 500,000; asphalts (for example, sulphonated
asphalts); gilsonite; lignite and its derivative, humic acid; lignin and its derivatives such
as lignin sulfonates or condensed polymeric lignin suifonates; and combinations thereof,
These polymeric additives are particularly suitable for use in oil based drilling muds.

As an alternative or, in addition, to employing such polymeric additives, the fluid loss
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from the drilling mud of the present invention may be reduced by adding finely
dispersed particles such as clays (for example, illite, kaolinite, bentonite, or sepiolite) to
the drilling mud. Svitably. the finely dispersed particles have an average particle size of
less than 10 microns, preferably, less than 5 microns, for example, about 1 micron.
Preferably, the drilling mud contains a smooth/continuous range of particle sizes
ranging from abt;ul I micron for the finely dispersed particulate fluid loss additives 10
an average particle diameter of the bridging material of up to 2000 microns i.e. has a
broad (polydisperse) particle size distrnbution.

It is envisagced that an il based drilling mud may contain a significant amount of
a discontinuous water phase dispersed in a continuous oil phase by means of at least one
emulsifier (a water-in-o0il emulsion). The fluid loss value of such drilling muds may
vary depending upon the oil to water ratio and the nature of the emulsifier(s) employed
to form the water-in-oil emulsion (and hence on the size of the dispersed water
droplets). Preferably, the water content of the drilling mud is in the range 80:20 to
50:50, more preferably 70:30 to 55:45. Preferred emulsifiers include imidazolines, fatty
acids and combinations thereof.

Particularly preferred ultra-low fluid loss oil based drilling muds are described
in SPE 77446, “Towards Zero Fluid Loss Oil Based Muds™, M Aston, PM ihalik, J
Tunbridge and S Clarke, published 2002,

The effectiveness of the method of the present invention has been demonstrated
in both laboratory and field conditions as shown by the following Examples.
Example 1 i

Oil based mud formulations were evaluated in the laboratory by injecting
different drilling muds into a model fracture (as described in SPE/IADC 87130,
“Drilling Fluids for Wellbore Strengthening, 24 March 2004, M S Aston et al). The
model fracture was forrned from 1wo rectangular-shaped rock pieces (of 0.3 milliDarcy
permeability “Ohio” sandstone). Each rock piece had approximate dimensions of Scm
width x 20cm length x 1cm breadth. The two rock pieces were sandwiched together fo
create a fracture having a mouth aperture of Imm with the aperture of the fracture
tapering to 0.5mm at the far end thereof (fracture tip). A valve was provided at the exit
from the fracture tip such that the fracture tip could be open or sealed. The rock
sandwich was placed in a purpose-built holder that was supported in a load frame within

a test cell. The fracture width was maintained constant using fixed spacers. The fluid
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pressure within the fracture was measured just inside the mouth of the fracture using a
pressure transducer. [nitially, the fracture and the pore spaces in the rock were filled
with a clear fluid (water) and the system was heated to a temperature of 60°C. A
pressure of about 100 psi (0.69 M Pa) was applied 10 compress any air in the system.
Drilling mud was then injected at a pressure of 400 psi (2.76 M Pa) into the mouth of
the fracture with the fracture tip open (to give a differential pressure across the fracture
of 300 psi (2.07 M Pa)). After 3 minutes, the exit from the fracture tip was closed using
the valve so that pressure could build up inside the fracture (n.b. the initial driving force
for bridge formation at the fracture mouth was fluid leak-off through the fracture tip).
The injection pressure was then increased stepwise to 2000 psi (13.79 M Pa). A low
pressure measured on the pressure transducer indicated an effective seal at the mouth of
the fracture.

The results shown in Table 1 below compare the pressures measured just inside
the fracture mouth for different drilling muds employed in the above test procedure.
The pressure just inside the fracture mouth was measured after a steady value was

reached at each injection pressure.
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Table 1 — Effectiveness of drilling muds in sealing a model fracture

o 9

Mud System Pressure just inside fracture mouth,
measured after different mud

injection pressures (IP) in psi

1P 400 | 1P 1000 [ 1P 2000
27 670 |(13.79MPa)
MPa) |MPa)

Mud 1 (Comparative) Base mud plus bridging | 300 900 1900
particulale material mix (2.07 (6.21 (13.10 M Pa)
A; APIHTHP fluid loss= | M Pa) | M Pa)

3mls/30 minutes at a

temperature of 60°C
Mud 2 \ As mud |, but containing | 0 30 1900
51b/bbl Pliolite, AP1 (1.31 (13.10 M Pa)
HTHP fluid loss = 0.3 M Pa)
mls/30 minutes at a
temperature of 60°C
Mud 3 Base mud plus bridging 0 0 0

particulale material mix B
plus 51b/bbl Pliolite (14.3
kg/m®), APl HTHP fluid

loss = 0.] mls/30 minutes

at a temperature of 60°C

Mud 2 forms a more effective seal than Mud 1 (Comparative). This was
achieved by reducing the API HTHP fluid loss of the mud system from 3 m1/30 minutes
5 10 0.3 mls/30 minutes. Mud 3 achieved a total seal at the mouth of the fraciure 'by using
an improved bridging particulate material mix in a mud having an API HTHP fluid loss
of 0.1 mls/30 mi_tllutes.
The formulation for the base mud employed in the above tests was as follows:

Mineral oil: 0.517 bbls (0.0822 m)
10 Versamul™ (emulsifier, ex MI) 4.7 1b/bbl (13.4 kg/m”)
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Versawei™ (wetting agent, ex MI) 7 1b/bbl (20.0 kglm“)

Geltone™ (organoclay, ex Halliburton) 61b/bbl (17.2 kglm“)
Lime 5.25 Ib/bbl (15.0 kg/m*)
Calcium chloride 17.6 1b/bbl (50.4 kg/m")
Water 0.346 1b/bbl (1.0 kg/m*)
Barite (barium sulfate) 50 ib/bbl (143 kg/m?)
Hymod Prima Clay (simulated drill solids) 4.5 Ib/bbl (12.9 kglm’)
Mud 1 is the base mud containing the following bridging particulate materials
(mix A):

Baracarb™ 150: 46 1b/bb} (131.6 kg/m*)
Baracarb™ 600: 9.3 1b/bbl (26.6 kg/m?)

Mud 2 is as Mud ! with the addition of 5 1b/bbl Pliolite® DF-01 (fluid loss

control additive supplied by Goodyear)
Mud 3 is the base mud containing 51b/bbl (143 kg/m’) Pliolite® DF-01 and the

following bridging particulate materials (mix B):

Baracarb™ 150: 18 Ib/bbl (51.5 kg/m*)
Baracarb™ 600: 18 Ib/bbl (51.5 kg/m*)
Steclseal™: 15 Ib/bbl (42.9 kg/m’)

Baracarb™ 150, Baracarb™ 600 and Steelseal™ were obtained from Halliburton.
Baracarb™ 150 and Baracarb™ 600 arc calcium carbonates with an average particle
diameter of 150 microns and 600 microns, respectively. Steelseal™ is a graphitic
carbon available from Halliburton, with an average size range of approximately 400

microns.

Example 2
A field test was conducted onshore in the Arkoma basin, USA, to determine

whether the method of the present invention could raise fracture resistance in a shale
formation. The well was a vertical well having a 9 5/8™ (24.5 em) casing. An extended
leak off test (pill squeeze treatment) was performed in 10 feet (3.048 metres) of
exposed shale formation (open hole) just below the 9 5/8” (24.5 em) casing shoe. In
this test, standard “leak-off” procedures were used whereby the annulus was closed
whilst mud was pumped into the wellbore. Initially, a standard diese] based mud was
present in the well bore and this mud was pumped into the wellbore at a rate of 0.25
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bbls/minute (0.04 m*/minute) until breakdown of the exposed shale formation occurred. \,

Figure 1 illustrates the extended leak-ofT pressure curve for the standard diesel
based mud {curve 1). The shale formation fractured at about 1200 psi (8.27 M Pa), at
which point pumping of the standard diesel based drilling mud was stopped to minimize
fracture growth. The pressure stabilized at 800 psi (5.52 M Pa), which is the
propagation pressure of the fractures determined by the far-field stress state. The excess
pressure in the wellbore was bled off (back to hydrostatic pressure) so that the fractures
closed and the leak-off procedure was then repeated by pumping a pill of a mud
according to the present invention (hereinafier “Designer mud™) into the wellbore also
at a rate of 0.25 bbls/minute (0.04m’/minute). Figure | additionally illustrates the
extended leak off curve for the Designer mud (curve 2). The fractures induced in the
wall of the open hole wellbore are bridged and sealed by the bridging particles and fluid
loss additives of the Designer mud and the breakdown pressure of the strengthened
formation climbs to above 2000 psi (13.79 M Pa) before the seal breaks down. This is
an increase of about 850 psi (5.86 M Pa) formation breakdown pressure compared to
the original state of the shale formation, equivalent to 5.4 pounds per gallon (ppg) (647
kg/m*) mud weight.

The API HTHP fluid loss value for the Designer mud employed in the field trial
was 0.45 mls at a temperature of 115 °F (46°C) (bottom hole temperature), while the
standard diesel based mud had an AP1 HTHP fluid loss of 10 mls at a tempcerature of
250°F (121°C). The Designer Mud was made by adding calcium carbonate bridging
solids, graphitic material bridging solids, and fluid loss additives to the standard diesel
based mud in accordance with the present invention. The bridging solids ranged in size
from 10 to 800 microns and were added in an amount of 80 pounds per barrel (228.8
kg/m’). The original standard diesel based mud had 2 mud weight of 9.0 ppg (1078
kg/m®) and was free of added bridging solids.
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Case 10061(2)

Claims:

1. A method of reducing formation breakdown during the drilling of a wellbore
which method comprises:

(a) circulating a drilling mud in the wellbore comprising (i) an aqueous or oil based
fluid, (ii) at least one fluid loss additive at a concentration effective to achieve a high
temperature high pressure (HTHP) fluid loss from the drilling mud of less than 2 m1/30
minutes wherein the HTHP fluid loss is determined using an HTHP test according
to the specifications of the American Petroleum institute (API), as described in AP1
Recommendcd Practice 13B-2 Third Edition, February 1998, Section 5.2.1 to 5.2.3
or Recommended Practice 13B-1 Second Edition, September 1997, Section 5.3.1 to
5.3.2, and (iii) a solid particulate bridging material having an average particle diameter
of 25 to 2000 microns and a concentration of at least 0.5 pounds per barrel (1.43
kg/m’);

(b) increasing the pressure in the wellbore to above the initial fracture pressure of the
formation such that fractures are induced in the formation and a substantially fluid
impermeable bridge comprising the solid particulate bridging material and the fluid loss
additive(s) is formed at or near the mouth of the fractures thereby strengthening the
formation;

(c) thereafter continuing to drill the wellbore with the pressure in the wellbore
imaintained at above the initial fracture pressure of the formation and below the
breakdown pressure of the strengthened formation.

2, A method as claimed in Claim 1 wherein the pressure in the wellbore in step (¢}
is maintained at least 300 psi (2.07 M Pa) above the initial fracture pressure of the
formation and below the breakdown pressure of the strengthened formation.
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3. A method as claimed in Claims | or 2 wherein the solid particulate bridging

. material is added to a circulating drilling mud having an HTHP fluid loss value of less

than 2 m1/30 minutes prior 10 increasing the pressure in the wellbore (o above the initial
fracturc pressure of the formation. .

4. A method as claimed in any one of the preceding claims wherein the
strengthened formation is a depleted fonnation.

5. A method as claimed in any one of Claims 1 to 3 wherein the strengthened
formation is a weak formation in a previously dnlled section of wellbore.

6. A method as claimed in any one of the preceding claims wherein the drilling
mud has a HTHP fluid loss value of less than 1 ml/30 minutes, preferably less than 0.5
ml/30 minutes.

7. A method as claimed in any onc of the preceding claims wherein the
concentration of solid particulate bridging material in the circulating dnlling mud is at
least 10 Ib per barrel (26.6 kg/m®), preferably at least 15 Ib per barrel (42.9 kg/m").

8. A method as claimed in any one of the preceding claims wherein the drilling
mud is recycled_ to the wellbore after scparating material having a size of greater than
500 microns therefrom using a 35 mesh screen (US sieve series).

9. A method as claimed in Claim 8 wherein fresh solid particulate bridging
material is added to the drilling mud prior to recycling the drilling mud to the wellbore.
10. A method as claimed in any one of Claims 1 to 7 wherein the dnlling mud is
recycled to the wellbore afier separating drill cuttings from the drilling mud using a
centrifuge or hydrocyclone.

11. A method as claimed in Claims 5 or 6 wherein a pill of the drilling mud having a
concentration of solid particulate bridging material of at least 50 Ib per barrel (143
kg/m®) is circulated to the weak formation and is squeezed into the weak formation with
the pressure in the wellbore in the vicinity of the weak formation maintained at above
the initial fracture pressure of the weak formation.

12. A drilling mud composition comprising (a) an aqueous or oil based fluid; (b) at
least one fluid loss additive at a concentration effective to achieve a high temperature
high pressure (HTHP) fluid loss from the drilling mud of less than 2 ml/30 minutes
wherein the HTHP fluid loss is determined using an HTHP test according to the
specifications of the American Petrolcum institute (AP1), as described in API

Recommended Practice 13B-2 Third Edition, February 1998, Section 5.2.1 to 5.2.3
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or Recommended Practice 13B-1 Second Edition, September 1997, Section 5.3.1 to
5.3.2; and (c) a solid particulate bridging material having an average particle diameter
in the range 50 to 1300 microns and a concentration of at least 0.5 pounds per barrel
(1.43 kg/m’).

13. A drilling mud composition as claimed in Claim 12 having a specific gravity in
the range 0.9 to 2.5.

14. A dnlling mud composition as claimed in Claims 12 or i3 wherein the solid
particulate bridging material comprises at least one substantially crush resistant
particulate solid selected from the group consisting of graphite, calcium carbonate
(preferably marble), dolomite, celluloses, micas, sand and ceramic particles.

15. A drilling mud composition as claimed in any one of Claims 12 to 14 wherein
the concentration of the solid particulate bridging material is at least 10 pounds per
barrel (28.6 kg/m”), preferably at least 15 pounds per barrel (42.9 kg/m®).

16. A drilling mud composition as claimed in any one of claims 12 to 15 wherein
the solid particulate bridging material has an average particle diameter in the range 250
to 1000 microns.

17. A drilling mud composition as claimed in any one of Claims 12 to 16 having an
HTHP fluid loss value of less than 1 ml/30 minutes, preferably less than 0.5 ml/30

minutes.

18. A dnlling mud composition as claimed in any one of Claims 12 to 17 wherein
the fluid loss additive(s) is selected from organic polymers of natural or synthetic origin

and finely dispersed clays.
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Case 10061(2)

Abstract

DRILLING METHOD

A method of reducing formation breakdown during the drilling of a weilbore which
method comprises:

(a) circulating a drilling mud in the wellbore comprising (i) an aqueous or oil based
fluid, (ii) at least one fluid loss addilive al a concentration effective to achieve a high
temperature high pressure (HTHP) fluid loss from the drilling mud of less than 2 ml/30
minutes and (iii) a solid particulate bridging material having an average particie
diameter of 25 to 2000 microns and a concentration of at least 0.5 pounds per barrel;
(b) increasing the pressure in the wellbore to above the initial fracture pressure of the
formation such that fractures are induced in the formation and a substantially fluid
impermeable bridge comprising the solid particulate bridging material and the fluid loss
additive(s) is formed at or near the mouth of the fractures thereby strengthening the
formation; .

(c) thereafter continuing to drill the wellbore with the pressure in the wellbore
maintained at above the initial fracture pressure of the formation and below the

breakdown pressure of the strengthened formation.
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The following sxamples Bustrate the manner in which amendmants musibe sxpisined In the
accompanying lelter:

1. [Wlnnaidnﬂ[h.m“d.’u.ddﬂlnmﬁmﬁdm;nﬁmll-nnﬂl:
Clsima 1 o 29, 31, 32, 34, 35, 37 to 48 replaced by emended claims bearing the same numbem;
olaims 30, 33 and 36 unchanged; new claims 48 o 51 added.”

2. [Where originally there wers 15 olaims and afler amendmeni of all claims there sre 11]:
“Clalma 1 1o 15 epleced by amended claima 1 10 11.*

3 M-dfnlyhmm“dmcdhmﬁmhmﬂhm-wmm-dhm
new claima):
"Claima 1 io 6 and 14 unohanged; claims 7 to 13 sancefled; new olaims 15, 16 and 17 sdded.” or
“Claims 7 to 13 canceled; new daims 15, 18 and 17 added; all other claims unshanged ”

4. [Whers various kinds of amendments are made):
“Claime 1-10 unshanged; clsims 11 }o 13, 18 and 19 scancelled; cisims 14, 15 and 18 replsced by amended
claim 14; claim 17 subdivided into amended clairm 15, 16 and 17; new claime 20 and 21 sdded.”

"Staterment under articie 19(1)" (Rule #8.4)

The amendmanis may be scoompanied by a stetement sxplaining the amendmaris and indicaling any impast
H%—rmwhmmhw.ﬂhimMMWhmm

The stalemand wil] be published with the intsmationsl appication and the amended dlaima.
& must be In the lenguagse in which the internaifenal apppiication Is to be published,
R must be bried, not exceeding 500 words # in English or il irnnslated into English.

£ should not be confused with and doss not replase the hetter indicsting the differences between the dlaims
-Mu-mﬁnmuumammwn-thw-m by a headling,
preferably by using the words “Sistement under Artiale 19(1)."

& may not conlain eny disparaging commenis on the inlemational ssarch repert or the relevancs of ellations
sonisined in that reporl. Refersnce io oliisliors, relevant o a given claim, soniained in the Intsmational searsh
repori may be made only in cormection with sn amendmeni of that alaim.

Consaguence ¥ 8 demand lor intermational preliminary sxaminetion has aiveady bean Med

i, ai the time of Siing any amendments under Article 19, a demand for inlamutions) prefiminary sxaminalion
has skeady bean submitied, the applicant must preferably, at the sams time of filing the amandments with the
intemalional Burasuy, sleo e & copy of such amendmenta with the intemalional Preliminary Examining
Mlmiy(uoﬁ.lhl?_zm.ﬁllmnn).

Conssguence with regard to tranalstion of the internailional application for entry into the national phase

The applioant’s alteniion Ia drawn o the fact that, -l-nqnnmbhhndhn-lﬂl-o a tranuisfion of the
ddn---n-lildurlillﬂﬂnﬂmlyhmhhmto designaled/elected Offioss, instead of, or
in adkiition (o, the transistion of the daims as Sled.

For hurther detalis on the requiraments of each designatedivincied Otfice, see Volume Il of the PCT Applicant's
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Applicant's or agent's file reference FOR FURTHER se8 Form PCT/ISA/220

10061 ACTION as well as, where appiicable, liefh 5 below.
Inemational appEcation No. intemational fling date (daymonth/year} (-Earlesl) Priority Date (day/montivvear)
PCT/GB2004 /003154 19/07/2004 25/07/2003
Appiicant

BP EXPLORATION OPERATING COMPANY LIMITED

Thblmemalbmlsgachthoﬂhuhenmapamdbyhhlnmws-mmmumdbmmhh spplicant
according o Article 18. A copy I8 being tranamitted 10 the (ntemational Bureau

This Intematfonal Search Report consiats of a wotal of 3 shaatse,
[X]  ttieamo accompanied by a copy of each prior ert document clied In this reort.

1. Basls of the report

a. With ragard to the language, the intemational ssarch was carried out on the basls of the Intemational application in the
language In which it was flied, uniess otherwise indicated under this Hem.

[[] e mntematonal eearch was carred out on the basis of a transiation of the intemational epplication fumished to
this Authority (Rule 23.1(b)).

b. D With regard to any nucleotide and/or amino acld sequencs disclosed In the intamational application, see Box No. I
2. [[] Certnin cisims were found unssarchable (See Box I).
3. [] unityofinvention is tacking (see Box IN).

4. With regard to the title,
[X] the sext s approved as eubmitied by the appiicant.
[[] thewxihasbeen estabished by this Authority to read as foflows:

5. With regand to the abstract,
[X] e textis approved as submitied by the eppiicant.

I:I the fext has boen estebiished, according to Pule 38.2(b), by this Authorily as It appears in Box No. IV. The applicant
may, within one month irom the dats of maling of this inlemational search repori, submit comments o this Authority.

6. Wiih regards to the drawings,
a the figure of the drawings 10 be published with the abatrect ls Figure No.
[] essuggested by e applicant.
[C] asselected by this Authortty, because the appiicant faled to supgest a figure.
[[] esselecied by this Authortty, because this figure betier characterizes the Invention.
b. [X] noneof the figures Ia to be published with the absimact.

Form PCTASA/210 (first sheet) {January 2004)
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A. CLASSIFICATION OF SUBJECT MATTER
IPC 7 E21B33/13

AmﬁI! 10 Intemational Palent Clasaliication (°C) or 1o both natlonal claasification and IPC

B. FIELDS SEARCHED

Minimum documaniation searched (ciassilication system folowed by classilication symbaols)
IPC 7 C09K E21B

Documantation searched other than minkmum documentalion 1o ha exient that such documenie are included in the lekds searched

Elecironic daia base consulied during the infemational search (name of data base and, where praclics, search lerms used)
EPO-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category * | Chation of documont, with Indication, whera Bppropriaie, of the relevant passages Felevant 1o cialm No.
X EP 1 074 598 A (TEXAS UNITED CHEMICAL 12-18
CORP) 7 February 2001 (2001-02-07)
paragraph ‘0011! - paragraph ‘0015!
paragraph ‘0025! - paragraph ‘'0034!
paragraph ‘0059!
X US 6 391 830 Bl (DOBSON JR JAMES W ET AL) 12-18
21 May 2002 (2002-05-21)
column 2, 1ine 38 - column 6, line 59
examples 1-10
A GB 2 351 098 A (SOFITECH NY) 1-18
20 December 2000 (2000-12-20)
page 6
claims 1-5
A US 6 403 537 B1 (PERRICONE CHARLES ET AL) 1-18
11 June 2002 (2002-06-11)
the whole document

D Further documents are fsiad In the conlinuation of box C.

E] Pulont family membars are Nstad in annex.

® Spacial categewins o clied documents :

"A" documant defining the general stale of the art which s nol
considered 1o be of particuler elevance m
oy -_ﬂ:&ummllunﬁndmuﬁrlm Intemational

-+ dlﬂln-lnlﬂl mmm “%
l:lﬁnwolwmﬁm

- mmwmuimn._. axhibition or
other moans

*P documant dats
dacumont publshed prioc 0 the iermational fing dete but

Invoive an inventive step when the document Is izken slone

"Y" documan of parficular relevance; the claimed Invention
cannol be conzidered 10 involve an inventive step whan the
document s combined with one or mome other such docu—
mlznnnudhnhumhl porson skdled

*s" document member of the aame patant family

Daiw of the achul completion of the international search

Duta of maling of the intemational anarch repon

29 November 2004 06/12/2004
Name and maling adtvass of tha ISA Authorized officer
Ewropean Palent Oftica, P.B. 5818 Palaniiaan 2
'lt_uo-m T 31 851 m,
F-:'pm—m) 40-3018 w Zimpfer, E

Form PCTASAZ10 {wecand shanl} {Janusry 2004)
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diad In search report date member(s) date

EP 1074598 A 07-02-2001 US 6300286 B1 09-10-2001
AU 771831 B2 01-04-2004
AU 4894800 A 08~02-2001
BR 0012955 A 18-06-2002
CA 2314806 Al 05-02-2001
EP 1074598 Al 07-02-2001
D 26742 A 08-02-2001
NO 20003972 A 06-02-2001
NO 0110976 Al 15-02-2001
Us 6391830 Bl 21-05-2002
US 2002028750 Al 07-03-2002

US 6391830 BI  21-05-2002 US 6300286 Bl 09-10-2001
US 2002028750 Al 07-03-2002
AU 771831 B2 01-04-2004
AU 4894800 A 08-02-2001
BR 0012955 A 18-06-2002
CA 2314806 Al 05-02-2001
EP 1074598 Al 07-02-2001
1D 26742 A 08-02-2001
NO 20003972 A 06-02-2001
W0 0110976 Al 15-02-2001

6B 2351008 A 20-12-2000 AU 769301 B2 22-01-2004
AU 6428000 A 09-01-2001
BR 0011751 A 30-04-2002
CA 2377504 Al 28-12-2000
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Formn RCTASAR 1D jpatent family snnex) {Jaruary 2004)

/7



PATENT COOPERATION TREATY

/8

" From the
INTERNATIONAL SEARCHING AUTHORITY

PCT

WRITTEN OPINION OF THE
see form PCTASAZ220 INTERNATIONAL SEARCHING AUTHORITY
(PCT Rule 43bis.1)
[ Date ot maling i
{dayinonthiear) see form PCTASAZ10 (second sheet)
W ;’.:'Ee_"r_'-'i'; reforence T FOR FUH;'-I-ER ACTION -
see form PCTASA220 See paragraph 2 below
international applicetion No. | intarnational Bling date (deydnonthyesr) Priority date (dayinontivyear)
PCTA5B2004/003154 18.07.2004 25.07.2003
Imemational Patent Glassification (IPC) or both national classiication and IPC -
E21B33/13
: e

BP EXPLORATION OPERATING COMPANY LIMITED

1.  This opinion contains indications relating to the following items:

i BoxNo.l  Basis of the oplnlon

Box No.ll  Priority

[0 BoxNo.lll  Non-establishment of opinion with regard to novelty, inventive step and industrial applicabliity
[0 BoxNo.lV Lack of unlty of Invention

B BoxNo.V  Reasoned statement under Rule 43bés.1(a)(f) with regard to novelty, Inventive step or industrial
applicabllity; cltations and explanations supporting such statement

[0 Box No.VI  Certaln documents cited
B Box No. VIl Certaln defects In the intemational application
B9 Box No. Vill Certaln cbservations on the International application

2. FURTHER ACTION

if 2 damand for international preliminary examination is made, this opinion will usually be considered to be a
written opinion of the International Preliminary Examining Authorlty ("IPEAT). However, this does not apply whare
the applicant chooses an Authority other than this one to be tha IPEA and the chosen IPEA has notifed the
intamational Bureau under Rule 86.1bis(b) that written opinions of this Intemnational Searching Authority

will not be so consldered.

if thie opinion Is, as provided above, considered to be a written opinlon of the IPEA, the appficant is Invited to
submi to the IPEA a written reply togethar, where appropriate, with amendmenis, before the expiration of three
months from the date of malfiing of Form PCTASAZ20 or before the expiration of 22 months from the priority date,
whichever expires later.

For further optlons, see Form PCTASA/Z220.
3. For further detalls, see notes to Form PCTASALZ20.

Nane and malling address of the ISA: Authorized Oficar f
European Patent Office . :
D-80288 Munich Zimpier, E { }
Tal. +49 89 2380 - 0 Tx: 523858 epmu d LY .
Fax: +49 89 2399 - 4465 Telaphone No. +49 89 2390-7881 o T

Form PCTASAZ3T (Cover Sheet) (January 2004)
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“WRITTEN OPINION OF THE Intemnational application No.
INTERNATIONAL SEARCHING AUTHORITY PCT/AGB2004/003154

Box No.1 Basls of the opinion

1. With regard to the language, this opinion has been established on the basis of the intemational application in
the language in which it was field, unless otherwise indicated under this item.

O This opinion has been established on the basis of a translation from the original language into the following
language , which is the language of a translation furnished for the purposes of international search
(under Rules 12.3 and 23.1(b)).

2. With .ragard to any nucleotide andior amino acld sequence disclosed in the intemational application and
necessary to the claimed invention, this opinion has been established on the basis of:

a. type of matenal:
O a sequence listing
O table(s) related to the sequence listing
b. format of material:
O  in written format
O in computer readable form
¢. time of filingfumishing:
O contained in the intemational application as filed.
O filed together with the imernational application in computer readable form.
O fumished subsequently to this Authority for the purposes of search.

3. O In addition, in the case that more than one version or copy of a sequence listing andbr table relating thereto
has been flled or fumished, the required statements that the Information in the subsequent or aditional
copies is identical to that in the application as filed or does not go beyond the application as filed, as
appropriate, were fumished. -

4. Additional comments:

Form PCTAPEA/237 (January 2004)



*WRITTEN OPINION OF THE International application No,
INTERNATIONAL SEARCHING AUTHORITY PCTAB2004/003154

/2o

Box No.l Priority

1. B The following document has not been fumished:
copy of the earlier application whose priority has been claimed {Rule 43bis.1 and 66.7(a)).

O translation of the earlier application whose priority has been claimed (Rule 43bis.1 and 66.7(b)).

Consequently it has not been possible 10 consider the validity of the priority claim. This opinion has
nevertheless been established on the assumption that the relevant date is the claimed priority date.

2. OO This opinion has been established as if no priority had been claimed due 1o the fact that the priority claim
has been found invalid {Rules 43bis.1 and 64.1). Thus for the purposes of this opinion, the Intemational
fiing date indicated above is considered to be the relevant date.

3. Additional abservations, if necessary:

Box No.V Reasoned statement under Rule 43bis.1{a){l) with regard to novelty, Inventive step or
indusirial appilcablility; cltations and explanations supporting such statement

1. Statement
Novslly (N) Yes. Claims 1-18
No: Claims
Inventive step (IS) Yes: Claims 1-11
No: Claims 12-18
Industrial appiicability (1A) Yes: Claims 1-18

No: Claims

2. Citations and explanations

see separaie shoet

Box No. VIl  Certaln defects In the International application

The following defects in the form or contents of the international application have been noted:
8oe separate sheet

Box No. VIll  Certaln observations on the intemational application

The faollowing obsarvations on the clarity of the claims, description, and drawings or on the question whether the
claims are fully supported by the description, are made:

seo separate sheet

Form PCTAPEA/237 (January 2004)



WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING

AUTHORITY (SEPARATE SHEET) PCT/GB2004/003154
Re ltem V

Reasoned statement with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

The following documents (D) are referred to in this communication; the numbering will
be adhered to in the rest of the procedure :

1.1

1.2

2.1

2.2

D1: EP-A-1074 598 (TEXAS UNITED CHEMICAL CORP) 7 February 2001 (2001-02-07)
D2: US-B-6 391 8301 (DOBSON JR JAMES W ET AL) 21 May 2002 (2002-05-21)

D3: GB-A-2 351 098 (SOFITECH NV) 20 December 2000 (2000-12-20)

D4: US-B-6 403 537 (CHESSERBILLY G. ET AL) 11 June 2002 (2002-06-11)

Novelty :

Since none of the documents cited in the search report disclose all the features of
independent claim 1, it is considered that said claim as well as dependent claims 2-
11 are novel over said prior art documents.

Since none of the documents cited in the search report disclose all the features of
independent claim 12, it is considered that said claim as well as dependent claims
13-18 are novel over said prior art documents.

Inventive step :

Since none of the prior art document teaches or fairly suggests the specific method
of reducing formation breakdown as claimed in claim 1, it appears to be non-obvious
to the skilled person.

Hence, claim 1, as well as dependent claims.2-11, are considered as being
inventive.

Document D1, considered as being the closest prior art, discloses a drilling fluid
comprising an aqueous base fluid, a bridgingagent and a fluid loss control additive
(see [0011]) at concentrations to achieve a fluid loss of less than 10 ml as measured
at 180F (65C) and 250 psi differential pressure across a 5 micron disk for 30 minutes.
Example 10 shows values of fluid loss varying between 1.5ml and 4ml in 30 minutes
at said HTHP conditions.

Examples of representative bridging material are calcium carbonate or dolomite (see
§[0032]-[0033)) at concentrations from 5 ppb to 50 ppb.

Form PCT/Separaie Sheet/237 {Sheet 1) (EPO-January 2004)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/GB2004/003154

2.3

The subject-matter of claim 12 differs from disclosure of D1, since it contains the
following additionnal features :
- the HTHP fluid loss is less than 2mI/30 minutes
- the bridging material has an average pariicle diameter of 25 microns to 2000
microns.

Considering that :

- the bridging particulates are the same in D1 as in claim 12,

- their use is the same

- the range claimed is very broad,
this features doesn't appear to be a differentiating feature between the disclosure of
document D1 and the subject-matter of said claim 12. This fact is confirmed in
document D4, disclosing a very similar composition, and where the prefered calcium
carbonate pariicles have an average diameter of 30 microns (see D4 col2 156-65).

As indicated at point VHII-1, the operating conditions of the HTHP fluid loss measure
is unclear in claim 1, as well as the influences of Temperature and Pressure on the
HTHP-fluid loss value. So, no direct comparison is possible.

Futhermore, the values given in example 10, and the values claimed are very close
together.

Hence, the technical problem solved by the differentiating feature “fluid loss value"
of said drilling composition is therefore absolutely not clear.

Therefore, claim 12 is not considered as being inventive at this stage of the
procedure.

Dependent claims 13-18 do not appear to contain any additional features which, in
combination with the features of any claim to which they refer, meet the requirements
of the EPC with respect to inventive step.

Be ttem VIl
Certain defects in the Intemationatl application

1.

The used expreésion "incorporation by reference", as mentioned on page 11 in the
present description, is not recognised in the PCT and should be deleted.

The units "pounds per barrel”, "bblis", "Ib per barrel®, "Ib/bbl*, “psi®, "pounds per

Form PCT/Sepamie Shoet/237 (Sheet 2) (EPO-January 2004)
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WRITTEN OPINION OF THE . International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/GB2004/003154

gallon”, "ppg", “feet” employed in claims 1, 7, 11, 12 and 15 and on pages 4-8, 12-
15 are not additionally expressed in terms of the units stipulated by Rule
10.1/(a)fand/(b) PCT. This should be comrected.

R Viil
Certain observations on the International application

1. The subject-mater of claims 1, 6, 12 and 17 is not clear (Art. 6 PCT) because the
operating conditions of the HTHP fiuid loss measurement are not given. The
pressure, the temperature and the characteristics of the used filter are not given in
said claims.

Therefore, it is not possible to compare the claimed value of "less than 2ml / 30
minutes” to the values given in the prior art documents, as for example in D1 (see p4
145-55) : "less than 10 mi/30 minutes at 185 F, 250 psi differential pressure, across
a 5 micron disk".

Form PCT/Seperaie Sheet/237 (Shest 3) (EPO-January 2004)



EP 1 074 598 A1

ENSDOCID: <EP.

(43) Dato of publication:
07.022001 Builstin 2001/06

(21) Application number: 00306654.5

(22) Data of filing: 04.08.2000

- ) AR
Office eurcpéen des brevets @y EP 1074598 A1
(12) EUROPEAN PATENT APPLICATION

(51) ImcL™ CO9K 7/02, E21B 43/25

(84) Designated Conlracting Siates:
ATBECHCYDEDKESFIFRGBGRIEITLILU
MC NL PT SE
Designated Extension States:
ALLT LVMNK RO SI

(30) Priority: 05.08.1909 US 368047

(71) Applicani: Texas United Chemical Company, LLC.
Houston, TX 77035 (US)

(72) tnventors:
* Dobson, James W. Jr.
Houslon, TX 77035 (US)
* Tresco, Xim O.
Houston, TX 77035 (US)
* Lay, Jefiroy S.
Houston, TX 77035 (US)

{74) Represeniative: Fisher, Adrlan John
CARPMAELS & RANSFORD
43 Bloomsbury Square
London WC1A 2HA (GB)

(54) Divalent eation-coniaining well drilling and servicing fluids

(5§7) The invention provides ciay-iree, praferably bi-
opolymer free, well drilling and servicing fluids comprie-
ing an equeous divalent cation-containing waler oluble
selt, a bridging agent, and a pre-gelatinized crosslinked
amylopectin starch suspending agent andfluid loas con-
trol additive. The concentration of the starch derivative
is sufficient to provide the fluid with the following char-
actersltics: (&) a low shear rate viscosity less than about
10,000 centipoisa; (b) a high shear mate viscosity at 511
sec! in the range from about 15 to about 70 centipoise
measured al 120°F; {c) a fluid loss lesa than about 10
milliliters as measured at 185°F and 250 psi differential

pressure acroes a 5 micron disk for 30 minutes; and (d)
anti-getlling characieristics as exhiblled upon static ag-
ing the fluld for 16 hours at 185°F.

The low shear rate viscosity of the flukds can be in-
creased without increasing the high shear rate viscosity
above about 70 centipoise by incorporating magnesium
axide and/or dipotassium hydrogan phosphate in the flu-
ids.

The invention also provides a method of making the
clay-iree well drilling and eervicing fiuid and a process
di drilling, compiating, and working over a well with the
clay-fres fluid,

Prinked by Jouve, 75001 PARIE (FR)

1074508A1_1_>

2

o



15

EP 1074 588 A1 .

Deacription

ackground of the Invention

[0001] The present invention ralates 10 clay-free aqueous well drilling and sarvicing fluids, methods of preparation
thereol, and method of drilling a well therewith.

[0002] The use of fluids for conducting various operations in the boreholes of sublemanean oil and gas wells which
contact a producing formation are well known. Thus diill-in fluids are utilized when initlally drilling into producing for-
matione. Complelion fluida are ulllized when conducting various completion oparstions in the producing jormations.
Workover fluids are ulilized when conducling workover operations of praviously completed wells.

[0003] One of the mos! important funciions of these flulds ie 1o seal olf the 1ace ol the wellbore o that the fluld is
not lost 10 the formation. Ideally this is accamplished by depositing a fiker cake of the solids in the fluid over the surlace
of the borehole without any loss of solids to the formation. In other words, the solids in thefluid bridge over the formation
poras rather than permanently plugging the pores. This is particularly critical in conducting horizontal drilling operations
within hydrocarbon-containing formations.

[0004] Many clay-fres fluids have been proposed for contacting the producing zone of oil and gas wells. See for
example the following U.S. Patents: Jackson et al. 3,785,438, Alexander 3,572.018; Fiecher ot al. 3,882,029; Walker
3,956,141, Smithey 3,986,964, Jackeon et al. 4,003,838; Mordshine 4,175,042, Mondshine 4,186,803, Mondshine
4,359,843; Mondshine 4,620,596, Dobson, Jr. et al. 4,622,500, and Johneon 5,504,082

[0005] These Muids generally conlain polymeric viscosfiiers such as cerlain polysaccharides or polysaccharide de-
rivatives, polymeric flukd loss control additives such as lignosulfonalas, polysaccharides or polysacchariis derivatives,
and bridging solids. As disciosed In Dobeon, Jr. et al. U.5. Patent No. 4,822,500, a xanthan biopolymer and an ep-
ichlorchydrin crossfinked hydroxypropyl starch fluid loss controt additive aynergiatically interact 1o provide suspension
and fluld loas control in certain of these fluids.

[0006] Magnesium oxice has been disciosed for uee in various polysaccharida-containing fluids 1o increase the thar-
mal stability thereol. See ior example the following U.S. patenis: Jackson 3,852,201; Jackson 3,953,335; Hartfleld
3,088,246; Jackson 4,025,443; and Dobson, Jr. 5,514,644,

[0007] It is well known that certaln biopolymaer-containing fluide are shear thinning, exhibiting a high low ehear rals
viscosity and a low high sheer rate viacoslly. A near zero shear rate {0.06 10 0.11 sec™!) viacoslly provides a numerksal
value related to the ability of a fluid to suspend particles or cuttings under static conditions. Convaraely, viscosity
measured ai shear rales above 20 sac’! relates 1o the hole cleaning capability of a fiuid under annular flow conditions.
[0006] It is known 10 use danse brines as the base aqueous liquid for high density drilling and well sarvicing fluiis.
Such fluids contain minimal soluble bridging solida concentration and viscostilying polymer additives. The moet com-
mercially avaliable dense brinas contain calcium chiodds, calcium bromide, and zinc bromide. Howsver, utllization of
the brines has been limiied. Generally, watersoiuble polymers used for viscosity and filtration control do not pedorm
well in cakium bromide and Zinc bromide brines. Exarmples of the use of denee brines for vss in well driling and
sefvicing fluids are as follows: Swartwout et al U.S. Patent No. 5,612,293; Dobson, Jr. stal. U.S. Patant No. 5,618,541;
Dobeon, Jr. ot al. U.S. Patent No. 5,728,852. Dobeon, Jr. el al U.S. Patent No. 5,728,854; Volimer et al. U.S. Patent
No. 5,785,747, and Dobson, Jr. et al. U.S. Patani No. 5,804,535,

[0009] Clean-up of the filtsr cake deposiied on the skies of the borehole Ie a critical part of the completion process
to ensure maximum productivity from a weltbore. Poor wall cake development allows particulates or liquids to enter
tha formafion resulting in intemalformation damage. Solids or polymers which have not basn removad from the surlace
of a borehole can also impede the flow of hydrocarbons by plugging a prepacked ecreen during praduction. Filler cake
removal ls generally undertakan by treating the welbore with concentrated acid eolution, particularty hydrachloric acid.
Dobson, Jr. ot al. U.S. Paterit No. 5,607,905 discioaes the incomoration of certain inorganic peroxides into the ftter
caks which enthance the removal of the filer caks upon contacting i with an acldic aolution. Brannon st al. U.S. Patent
No. 5,881,813 discioses an enzyme-contatning clean-up fluki for degrading the rasidual polymeric viscosifiers present
in NRer cakas from drlll-n fluids or preseni in the fomatkn from other well reating fluids,

[0010] While these hmprovements In formuleting well diiling and servicing fiuids fram high denalty brines have had
commercial succees, there is atil a nead for auch fluids which exhibit enhanced particulaie suspansion characteristics
at lower viecosities and which ars easler and mare completaly removed trom welboras, ecreens, and the ke present
in hydrocarbon-containing formations.

Summary of the iInvention
[0011] The Invention provides clay-free wel drilling and servicing fluiis comprising an agueocus brina which containg

at lsast 1.2 squivalents per liter of & waler scluble divelent cation sak, a pasticulets bridging agent which is insoluble
in the aquacus brine, and a starch derivative which functions as a combination suspanding agent and fluid loss control
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agenL. The starch derivalive is usad in a concentration sulticient to provida the fluid with the following characterlstics:
(r) alow shear rate viscosily laas than about 10,000 centipoiss; (b) A high shear rale viacosity sl 511 sec™? in tha ranga
from about 15 ta abow! 70 centipoise measured al 120°F: (<) a fluki loss less than about 10 milliliters as measured at
$85°F and 250 pei dilferenlial pressure across a 5 micron disk for 30 minutes: and (d) anti-setlling characieristics as
sxhibited upon siatic aging the fluid for 16 hours at 185°F. The invention further provides that the low shear rate viscosity
can be increased withoul raising the high shaar rale viscosity above aboul 70 centipoise by incorporating magnesium
oxide and/or dipotassium hydrogen phosphate in the fluids.

Joo12] The prelered modified starch comprises amylopeclin, such as a waxy starch, thal has been crosslinked Lo
the extent that the viscosity ol a basic aqueous amylopactin starch suspension undergoing crosslinking ie within about
25% 10 about 60% ol the maximum viscosity that can be obtained, pralerably from about 25% to less than about 50%,
and pre-gelatinized.

[0013] The invention further comprises a process for preparing lhe clay-iree fluids, and a process of drilling, com-
pleting, or working over a wel with the clay-lree lluids.

{0014] While the invention is susceptible to various modifications and altemative forms, specific embodiments thereol
will hereinalter be described in detail and shown by way of example. It should be underslood, howaver, that it is not
intencied ta limit the fvenlion to the particular forms disclosed, bul, on tha contrary, tha invention is to cover all mod-
ifications &nd altematives falling within the apirit and scope of the nvention as expressed in the appended claima.
[001§] The compoesilions can comprise, consist eseentlally of, or consist of the stated matorials. The method can
comprise, consist asaentially of, or conslet of the stated stepe with the elated materials.

Detailed Description of the Invantion

{0016] The present invention is based on the discovery thal certaln starch derivatives function in cartain denss brines
to impan svapension characteristice and fuid loss conirol characteristics 1o the brinas.
[0017] The brines usolul in tho compositions and procosses of tho invantion contain al loasi 0.6 oquivalonts per litor

of one or mors water soluble divalent cation ealte. Preferred divalent catlons are the alkaline earih metal salts andlor -

zinc salls. The praierred anion i a halide, most preterably chioride and/or bromide. Mosl preferred divalen! calions
ara salecied from the group consisting of calcium, magnesum, zinc, and mixiures thereol. Thus the most prafermed
salts are selected from the group consisting of calcium chioride, calcium bromide, magnesium chioride, magnasium
bromide. zinc chioride, zinc bromide and mixtures therao!, Other divalent cation water soluble ealte may be present in
the brine.

[0018] The prelerred brines heve a densily of at least about 10.0 ppg.

[0018] Starch is & natural polymer coniaining an abundance of hydroxyl groups. Each anhydroglucose unit conlains
1wo secandary hydroxyls and a large majority contein primary hydroxyls. These hydroxyls polentially are able to resct
with any chemical capable of reacting with alcoholic hydroxyls. Thie woukd include a wide range of compounds such
as acid anhydrides, organic chioro compounds, akishydes, apaxy, ethylenic compounds, eic. When the specified chem-
ical contains two or more moialles capabie ol reacting with hydraxyl groupe, there is the posehility of reacting two
ditferent hydroxyls resulting in crosslinking bétween hydroxyls on tha éame molecule or on diterent molecules.
[0020] The chemistry of starch and the preparation of a multitude of dertvativas thereol is well known. A book entilled

*Modifled Siarches: Properiies and Uses,” by O.B. Wurzburg, 1886 (CRC Press. Inc., Boca Ralon, Florida, U.S.A.)is .

an excellent source for information in the preparation of modified starches. In regards lo the preparation of the
crosslinked starchea of this invention, tha chapier entitied "Crosslinked Siarches" Is particutarly pertinant,

[0021] Representative crosslinking materiale are epichiorchydrin and other aphalohydring, formaldehyde, phospho-
rous oxychioride, trimetaphosphate, dialdehydes, viny! sulfone, dispoxides, diisocyanales, bis{hydraxymethyl) sthy!-
ene uraa, and the lke. The praterred crossiinking compound is epichiorchydrin.

[0022] Crosslinking of the starch reeults In an increase in the moleculer weight of the starch and &n increase n the
viscosity of aqueous dispersions of the starch.

[0023] The reaction condiliona used in making crosslinked starches vary widely depending upon the specliic bi-or
polylunctional reagent used for the crossiinking. in general, mast of the reactions are run on aqueous suspensions of
starch at temperatures ranging from rocom {emperaiure up to about 50*C. Often an alkall such as sodium hydroxide is
used to promcte reaction. The reactions are normally run under neutral to falrly allaline corditions, but below the lavel
which will paptize or swell the starch. If the crosalinking reaction i run In an aqueous suapanasion of-starch, when the
desirad lovel of crosslinking (usually as moasurod by some type of viecosily or rhoology test) is roachaed, tho starch
suspension is neulralized and the etarch Is fitered and washed to remove salte, any unreacted reagent, and other
impuritles produced by side reactions of the crosslinking reagent with water. Konigsberg U.S. Pat. No. 2,500,950 die-
closes the crosglinking of etarch with epaxyhalogen compourxds euch as epichlorchydrin. If desired, the starch can be
suspandad in non-aqueous fiquids or agquecus solutions containing water soluble organic iquids during croaslinking.
Ses for exampla Kaalar ot al. U.S. Palent No. 2,845,417, incorpomated herein by relerence.
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[0024]) | is prefarred that the amylopectin starch for use in the present invention be crosslinked with epichiorohydrin
in A basic Aquacus siarch suspension At A temparature and for A period of time such thal the Bmbander viscosity of
the suspension is within about 25% to about 60% of the maximum altainable viscoslty, preferably from abott 25% 1o
less than about 50% of the maximum attainable viscosity. The viscosily will vary by the amount of crosslinking and the
test conditions, i.e., lamperalure, concentralions, elc. A viscosily peak indicates maximum crosslinking. Whan the
desired viscoslty 1s reached, the crosslinking reaction is lemminaled. A Brabander Viscometer ks a standard viscometer
readily avallable on the open markel and well known o those skilled in the an.

{0025] As indicated, tha crosslinked amylopeciin etarch of this invention is pre-getatinized. The term "gelatinization®
i wall known in tha art and is genarally ueed 1o describa the swelling and hydration of sterches. Starch granules are
insoluble In cold weter but imbibe water reversibly and swell slightly. Howaver, in hot water, a large irreversibla swelling
occurs praducing gelstinization. Gelntinization takes place over a discrete iemperature range that depends on starch
lype. Since gelatinization increases the viscosity of a siarch suspension, the gelatinization of the starch is preferably
conducted afier tha amylopectin starch Is crosslinked to the deelrad extent as indicatad harefn. Cenain chemicale
increase the gelatinization temperalure mnge of starches and thus such chamicals can be present during the crosslink-
ing of tha emylopectin in order that the crosalinking temperature can be increasad without gelatinization of the slarch
occurring. The term “pre-gedatinized* indicates that the croselinked amylopactin has been gelginized such that the
crosslinked amylopectin doss nol undargo gelatinization upon adding it 1o the brines of the preeent invention.

[0026]1 The crosslinked amyiopectin s normally gelatinized by heating the crosslinked amylopectin &t a temperature
above the gelatinization temparaiure, such as during drying of the crossiinkad starch slumry.

[0027) As indicaled, the pre-gelslinized crossiinked amyiopeciin for use in the presam invention is preferably derived
from & waxy siarch, pralerably waxy com (maize) staich. As Is known, waxy siarches aie virtually all amryiopeciin
whersas cornmon siarches cantain both amylose and amylopectin moleculas. For the purposes of disclosing end claim-
ing this invention, the amylopectin corains ises than aboul 10% by weight amyliose, preferably nol mom than ebout
§% emylose and most preferably leas than 1% amylkoss.

[0028] Tho brinos may conain olhor compatiblo water eclubla salte tharoin. Tho term "compatibla” as ueed horoin
in regards 1o the pressnt invention refers o a salt which does not resull v precipitate formation in the brine andior
which does nat prevent the disclosed pre-gelatinized croeslinked amylopectin slarch irom providing the brines with the
charactaristics set forth herein.

Joo26] The flukis of this invention may coniain other funclional addilives 10 impart epecific properties 1o the fluids.
Thus the fluids may contain welight maleriale (which may function ae bridging agenta in an appropriata particle size
manga). corrosion inhibliors, anti-oxidanis, cxygen scavengers, reducing agenia, supplemental fluid loss control addi-
tives, supplemental viscosiflers, and the ike.

[0030] Ths fluids of this invention must have a bridging agent incorporated therein. The bridging apents useful in
this Invention are well known in the art. They ars solid, pariiculate, water sojuble salls or acid soluble materials the
particles ol which have bean sized lo have a pariicle size distribution sufficieni 1o seal off the pores of the formations
contacted by the well drilfing and sarvicing fluid as is well known in the arl. See jor example Dobson, Jr. et al U.S,
Patent No. 5,616,541 and Johneon U.8. Patent No. 5,504,082, both incorporated herein by reference. The briiping
agent must not be appreciably soluble In the fiquid usad to prepare the Nuld.

[0031] Representative water soluble aalt bridging agents include sodium chioride, potassium chloride, magnesium
chioride, potassium formate, calchum bromide, calkclum chioride, and the like.

[0092]) Prefemed bridging apents have a epecific gravily less than about 3.0 and are sufiiciantly acid soluble such
that they readily decompose upon acidizing the filter cake and daposils in the borehole. Represeniative bridging agents
are calclum carbonate, dolomite {calclum magnesium carbonate), colemanite, ulexile, anaicite, apatite, bauxlle, bruclte,
gibsiie, and hydrotalcite.

[0033]) The concaniration of the bridging agents will be eufficiant that, together with the concentration of the starch
derivative, the fiukie exhibh a fluid loes leas then about 10 milllitere as measured at 185"F and 250 psl differential
pressure across & 5 rnicron disk for 30 minutes. Generally the concentration ol the bridging agents will be from about
5 ppb lo aboul 50 ppb, preferably from about 10 ppb to aboul 30 ppb.

[0034] The concentratlion of the starch derivative must be sulficiant to provide the fluld with the following character-
istics: (a) a low shear rate viscosity lees than about 10,000 centipoiss; (b) a high shear rate viecoslly at 511 sec™ in
the range from abowui 15 to about 70 centipoise measured at 120°F; (c) a fluki loss less than about 10 milititors as
maasured at 185*F and 250 pal diflerential pressure acroas a 5 micron diac for 30 minutes; and (d) anti-setlling char-
acioristics as axhibitod upon static aging the fluid for 18 hours at 185°F. Generafly, the concentration of the starch
derivative will be trom about 5 ppb to about 12 ppb, preferably from about 6 ppb o about 11 ppb, and mos! preferably
from about 7 ppb {0 about 10 ppb,

[0035]) It Is a novel isature of tha invention that the starch derivative imparnts excellent suspension characteristics 1o
the fluide st the lbw viscosliies impariad to the fludda. This is n direct contrast with fluids containing water soluble
polymar viecosifiers, such as biopolymars, such as xanthan gum, sclarogiucan gum, succinoglycan gum, and the like,
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in the dense brines usad in the fluids of this invention.

[0036] Itis prefarred thal tha flukis of the invention do not contain any polymeric viscosifiers, such as biopolymers,
L.e., the prelerred fluids are biopolymer free.

[0037] Withou being limited thereby, we believe that the buoyancy of the brines contributes to the suspension char-
acterigtics of the brines. Thus as the dansily of the dense brines increases, less viscosity development by the starch
derivalive is necessary for the excellent suspension characleristics observed. This has not bean previously known.
Indeed, prior art fluids as exemplified by the patents disclosed hereinbefora indicate that tha lluids contain a biopolymer
or amorphous silica viscosifier and suspending agent and generally a starch or derivative thereol as a filtralion control
additive.

[0038] Thae fluids of the invention may be prepared and the method of the invention practiced, by mixing the danse
divalenl cation-containing brine as set forth herein with the slarch derivative, and the bridging agent, and any optional
additives as disclosed herein. The concentration ol the starch as disclosed herein is thal concentration which will
provide the fluid with the following characlerislics: (a) a low shear mate viscoeity less than about 10,000 cenfipoise; (b)
a high shear rate viscosity at 511 sec’! in the range from about 15 to about 70 centipoise measured al 120°F: (c) a
fluid losa less than about 10 milliliters as measured at 185°F and 250 psi diferential pressure across a 5 micron disk
for 30 minules; and (d) anti-astiling characterlstics as exhibited upon static aging the fluid ior 16 hours at 185°F.
[0039] Aftar static aging the fluids in sealed pint jars, any separation or synaresic was noted by measuring the depth
of esparation. For purposas of this invention, the flulds of the invention exhibit no more than % inch separation which
Is about 10% by volume. The settling characteristics of the aged flulds is then determined by inserting a spatula carefully
inlo tha Nuide and cbeerving il any solids had eeparaled from the Nuid. For puiposes of thie invention. Lhe Muids exhibit
no getiling of sofids.

[0040] The fiuids of the mvention are useful in various petroleumn recovery operatione such as well drilling, including
drilling into hydrocarbon-containing formations, caompletion, workover and the like all as are well known in the ar.

Specifically the fluids of the invention are usalul in drilling a wel wherein the drilling fluid is circulated within a borehole

boing driliod as drilling procecds, and in well complotion and workover mothode wherein a subterranean formation is
contacted with an aqueous fluid 1o form a bridge and seal on the formation, all as are well known in the art.

[0041] The lowshear rate viscoslhy {L SRV) for purposes of this invention Is obigined using a Brooidield Model LVTDV-
1 viecometer having a number | or 2 spindie at 0.3 revolutions par minute (shaar mte of 0.0636 sec). The fluid loss
characleristice of the fluids are obtained by a moditiad AP] fikration test. Thus to an AP1 high 1emperature filvation cell
with removable end cages is added a 5 micron disk (1.8.. an aluminum oxide (Aloxita™) ceramic disk having 5 micron
pore throats, from 600 1o 750 md permeability, which is 2.5 inches in diameter and 0.25 inch in depth) saturated with
water. The flud to be tested s powred along the inside edge of the filtration cell. The filiration test is then conducted
for 30 minutes at the desired tempemature of 185°F under a pressure differential of 250 pourds per equara inch supplied
by nitrogen. The spurt lose is measured es the amount of fluid expelisd from the filtration cefl until the flow of fluid is
reduced to drops. The fluid loss is measured as the total amount of fluid collected in 30 minutes.

[0042] The viscosities in centipoise a1 1022 sec, 511 sec, 340.7 sec’!, 170.3 sec’1, 10.22 sac™!, and 5.11 *t are
oblained by utilizing a Fann 35 Viscornetor at 800 rpm, 300 rpm, 200 rpm, 100 rpm, & rpm, and 3 rpm by multiplying
the Fann dial reading by 0.5, 1, 1.67, 3, 50, and 100, respectively.

[0043] In order to more completely describe the invention, the following non-limiting examples ane given. In these
examples and this specification, the loliowing abbreviations may be used: AP) = American Petroleumn Institute; XLAPS
= the pre-gelatinized epichlorohydrin crosesinkad amylopectin slarch derivetive of this invention which has been
crosslinked 1o the exient that the viscosity of a basic aqueous amylopectin starch suspansion undergoing croeslinking
is within about 25% about 60% of the maximum viscosity which can be cbiained; LSRRV = Brookfield low shear rate
viscosity at .03 revolulions per minute; 0.0836 sec’?, in centipoise; high ehear rale viscosity = Fann viscosity at 511
sec™! in centipolse; sec = second{s). ppg = pounds per gallon; ppb = pounds per 42 gallon barrel; *F = degrees Fahr-
onhelt; mi = milfiiters; min = minutes; cp = centipoise; rpm = revoiutions per minute; in = Inches.

E e 1

[0044] 12.5 ppg flukis were prepared containing 0.98 bbl equivalents of a 12.25 ppg CaBrg brine, 23 ppb of a calcium
carbonate bridging agent, and the concentrations of XLAPS, xanthan gum, eclerogiucan gum, and succinoglycan gum
eet forth in Table 1. The rheciogy of the fiulde before and after aging 16 hours at B5°C (185°F), and an Indication of

ihe suspension chamacteristics of the flulds after the statlc aging, were measurod.
[0045] The dala are set forth in Table 1.

Example 2

[0046] 13.5 ppg fluids were prepared containing 0.81 bbl equivalenis of a 14.2 ppg CaBr, brine, 0.16 bbi equivalents
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of water. 26 ppb caicium carbonate bridging agent, and the concantrations of XLAPS, xanthan gum, scierogiucan gum,
and succinoglycan gum eet forthin Table 2 The fluids were evaluated ae in Example 1. Tha data are est forth in Table 2.

Examole 3

[0047] 14.5 ppg fluids were prepared containing 0.74 bbl equivalents ol a 14.2 ppg CaBr, brine, 0.14 bbl squivalents
of a 19.2 ppp CaBr,/Znbr, brine, 0.10 bbi squivalenis of water, 0.25 ppb magnesium oxide, 23 ppb calcium carbonate
bridiging ageni, and the concentralions ol XLAPS, xanthan gum, sclerogiucan gum, and succinoglycan gum set forth
in Table 3. The fiuids were evaluated as in Example 1. The data are eet forth in Table 3.

Example 4

[0048] 15.5 ppg fluide were prepared coniaining 0.58 bbl equivalerits ol a 14.2 ppg CaBr, brine, 0.31 bbl equivalenis
of a 18.2 ppg CaBr,/ZnBr; brine, 0.08 bbl equivalents of water, 0.25 ppb magnesium oxide, 25 ppb calcium carbonate
bridging agant, and the cancentrations of XLAPS, xanthan gum, ecleroglucan gum, and succinoglycan gum est forth
in Table 4. The flukis were evaluated as in Example 1. The data are set lorth in Table 4.

Example 5

[004€] 18.5 ppg fuids were prepared conlmining 0.41 bbl equivalents of a 14.2 ppg CaBr, brina, 0.52 bbl equivalenia
ol a 19.2 ppg Cabry/ZnBr,. 0.05 bbl equivalents of water, 0.25 ppb of magnesium oxide, 23 ppb cakcium carbonete
bridging ageni, and the concentrations of XLAPS, xanthan gum, sclerogiucan gum, and succinoglycan gum set forth
in Table 5. The fluide were evaluatad as In Example 1. The data are sal lorth in Table 5.

[O050] In Tebles 1-5, fluide C, D and E which don'l contain the XLAPS of thie invention are nol sxamplss of the
invontion, and are prasontod for comparison purposes only. The data indicate tho oxcellent suspension charactorislics
of the fivids conlaining the XLAPS even at very low LSAV, and the very poor suspenelon characteristics of the fluids
containing only the biopolymers. Incorporation of a blopolymer into the XLAPS-containing fluids increased the high
shear rate viecoslty and affacied the LSRV in various ways depanding upon tha denslty of the fluids. The deta also
indicate that, In ganeral, the LSRV decreases and the high ehear rate viscosity increasse as the concentration of zine
bromide in tha fluids Increasas. Howevaer, the excellent suspension charactaristics of the fluids was maintainad.

E la

[O0&1] CaCR fluids having densities of 9.5, 10.95 and 11.3 ppg were prapared each containing 8 ppb XLAPS and
the concentralion of MgO and calclum carbonate bridging agent sst forth in Table 6. The flulds were evaluated as in
Example 1. The data cbtained are sat forth In Table 6,

[0062] The data indicate that: (1) the denelty of the flukis should be greater than 9.5 ppg, preferably at lsast about
10.0 ppg: (2) magnesium oxide can be added to increase the viscoshy of the fluids, as desired, sspeclally the LSRV:
and (3) the excellent suspenaion characteristics of the flulde of the fluida of the Invention even at low LSAV.

Exaple 7

[0053] 14.6 ppp CaBry/ZnBr, fluikds were prepared each containing B ppb XLAPS, 24 ppb CaCO, bridging agert,
0.71 bbl 14.2 ppg CaBry, 0,11 bbl water, 0.17 bbl 18.2 ppg Cabr,/ZnBr,, and the concentrations of MgO, MgOy, sodium
thiosuliats, and K.HPO, est forth in Table 7. The flukis were evaluated as in Example 1. The data oblained are set
forth In Table 7.

[0054] The data Indicate that the magnasium oxide enhanced the thermal stablity of the fluids coniaining the mag-
nesium peraxiie and sodium thiosullate, and that the IKGHPO,, Increases the viscosily of the fuid afer aging at 185°F,
especlally the LERV.

Example 8

[0055] A 14.6 ppg CaBr,/ZnBr, fluld was prepared as in Examgpis 7 containing B ppb XLAPS, 0.25 ppg MgO, and
24 ppb CaCO, bridging agent. The rheology of the fiuld was measured at 120°F inliially and after aging the fluid for
the time eet forth in Table B at 185°F. The daia obtained are set forth in Table 8.

[0068] The dala indicatae the excellent thermal stability and suspension characleristics of the fluld.
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Example 9

[00657] 10.35 ppb MgCl, fluids were prepared containing 0.97 bbl of 10.0 ppg MgCl, brine. 8 ppb XLAPS. 26 ppb
calcium carbonats bridging agent, and either 0 or 0.25 ppb MgO. Tha fluids were evalualed as belore. Thedala obtained
arp set forth in Table 7.

[0058] The data indicale the excelleni suspension characterislics of the XLAPS in MgCl,-containing brines, and the
increass of the SRV upon addilion of the MgO.

Example 10

{0059] The high tempearalure, high pressure fluid loss lor fluids 4-A, Table 4, and 5-A, Table 5. were detamnined al
185°F, 250 psi dilterantial pressure across a 5 micron digk. The data obtained are as follows. Fluid 4-A: Initial - Spurt
Loss = 1.5 ml, 30 min. = 3 ml; Aged @ 185°F - Spust Loss = 2.5 ml. 30 min = 3.5 ml. Fluid 5-A: Initial - Spurt Logs =
1.5 ml, 30 min= 3 ml; Aged @ 185°F - Spurl Loss=2ml, 30 min=4 ml,

[0060] Thess data illustrate the excellent fluid loss characteristics of the fluids of this invention.

[0061] The dala in the Tables indicate that the LSRV o 1ha fluida ot this invention can be Increased by the addilion
ol magnesium axide, dipolassium hydrogen phosphate, or biopolymers 1o the fluids, particularly alter subjecting the
fluids 1o elevated temperaiures as would occur on using the flulds in the drilling or servicing of wells, The data elso
Indicate that only low concentrations of the biopolymer can be Incorporated inlo the fiukds without unduly ralsing the
high shear rute viscosily, i.e., al 511 sec'. Thus the LSAV ol |he (luids can be increased withoul unduly raising the
high shear rate viscoslly by the addition of magnesium cxide and/or dipotassium hydrogen phosphats 10 the Tluids,
preferbly in an amount from about 0.1 ppb to about 5 ppb. It is ancther aspect of the invention to increase the low
shear fats viacosity of the fluids of the invention withoul increasing the high shear rate viscosity above about 70
centipoisa by the addition ol magnesium oxide and/or dipolassium hydrogan phosphate 1o the fluids. Thus the low
shoar mto viscosity of tho fluide can be groator than 10,000 contipoise upon tho addition of an additive which aises
the low shear rate viscoeity of the fluida without raising the high ehear rate viscosity above about 70.

Table 1
12.5 ppg CaBr, Fluikis
Fluid 1-A 1-B 1-C 1-D 1-E 1-F 1-G 1-H
XLAPS, ppb 80 100 |0 Q 0 8.0 8.0 8.0
Xanthan, ppb 4] 0 1.5 o 0 1.5 0 0
Scleroglucan, ppb | 0 0 (¢] 15 0 o 1.5 0
Suecinoglycan, ppb | 0 0 0 0 16 0 0 1.5
Initial Rheology at 120°F
1022 eoc!, cp 18 0 155 | 145 1 80 49 &5
511 sec!, cp 22 40 19 2112 1 4 70 80
10.22 sec, ep 150 150 50 350 0 850 850 300
0.0836 sec™!, cp 3030 | 2600 | 1920 | B,E7B ] 120 | 17,700 | 54,200 | 700
sN 138 &5 i) 470 10 155 776 8
Static Aged at 185"F for 16 hours
Sapamtion None | Nona | Taial | Nons Total | None None None
Settling None | None None None None None
1022 sac™!, cp 1756 | 205 | 145 |14 10 |76 475 |55
611 sac™, cp 20 38 17 21 11 108 72 72
10.22 sac't, cp 50 150 50 as0 100 | 500 800 150
0.0836 sec’!, cp 440 500 600 | 12357 | O 10,300 | 50,700 | S00
sT 22 13 5 588 0 e 704 125
7
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Table 2
13.5 ppg CaBr, Flulds
Fluid 2-A 2B 2-C 2D | 2-E 2F 2.6 2-H
XLAPS, ppb 7.0 i0Cc |0 0 0 80 8.0 8.0
Xanthan, ppb 0 0 15 0 1] 1.5 0 0
Sclerogiucan,ppb | 0 0 0 15 (o] 0 1.5 4]
Succinoglycan, ppb | 0 00 0 1.5 0 o 1.5
initlal Rheology at 120°F )
1022 sac?, cp 185 | 35 235 | 45 45 as 375 | 65
511 gac!. cp 23 47 0 4 5 140 44 85
10.22 sec1, cp 200 200 150 | O 0 800 100 150
0.0635 sec', cp 5700 | 9200 | 280 | 60 100 13,500 | 300 800
ST 248 196 e 16 20 096 7 9
Static Aged at 185°F for 15 hours
Sepamation, in None | None | Tolal | Total | Toial | None 05 None
Settling None | None None Nona | None
1022 sac?, cp 205 | 40 185 | 4 255 | 95 375 =1
511 sac™l, cp 25 53 24 4 a3 145 43 142
10.22 soc™!, cp 150 200 50 0 150 1100 150 1000
0.0636 sec!, cp 1180 | 7200 | 100 | 20 280 19,800 | 4800 | 16.100
sn 47 136 4 5 ] 137 12 13
Table 3
14.5 ppg CaBry/ZnBr, Fluids
Fluid 3-A 3B 3C 3D |} 3E $F 3G 3-H
XLAPS, ppb 70 100 {0 0 0 8.0 8.0 8.0
Xanthan, ppb 0 0 15 o 0 1.5 0 0
Scleroglucan, ppb | 0 0 0 1.5 1] 0 1.5 0
Succinoglycan, ppb | 0 0 0 1.5 0 0 1.5
Initial Rhaology at 120°F
1022 sec?, cp 18 W5 [14 |13 |35 |75 725 | 915
511 sac’!, cp 23 80 17 14 4 109 80 14
10.22 sec’t, cp 150 200 100 J100 O 600 150 50
0.0836 eoc’, cp 2200 | BOOO | 20 60 &0 6900 500 1300
8N 96 160 1 4 15 83 6 35
' Static Aged at 185°F for 18 hours
Separation None | None | Tolel | Total | Tolal | None None | None
Settling None 1 None None None | None
1022 sac1, cp 195 | ¢ 2 10 205 | 785 68 74
511 sac), cp a3 53 M4 1 25 117 B0 107
10.22 sec™, cp 100 200 200 | 100 | 150 | 800 150 850
0.0638 soc!, cp 680 3800 | 200 | 20 140 | 18,700 | 600 10,600
sN 0 T2 6 2 5 160 75 09
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Teble 4
15.5 ppg CaBrp/ZnBr, Fluids
5 Fluid 4-A 4-B 4-C 4-D 4-E 4-F 4G 4-H
XLAPS, ppb 8.0 100 | 0O 0 0 8.0 8.0 B0
Xanthan, ppb 0 0 1.5 0 0 15 0 0
Scleroglucan, ppb 0 0 V) 1.5 0 0 1.5 0
0 Succinoglycan, ppb | O 0 0 0 1.5 0 0 1.5
Initial Bheology at 120°F
1022 sec'!, cp 29 465 | 115 | 16 5.5 96 B89 36.5
511 sec™!, ¢p a7 81 13 16 6 145 110 43
5 10.22 sec’!, cp 150 300 0 0 50 1050 | 150 50
0.0638 sac1, cp 2000 { 7600 | 40 20 80 6800 | 600 400
8T 54 128 3 1 13 47 5 9
Statlc Aged at 185°F for 16 hours
20 Saparation Nona | None | Total | Total | Total | None | None ] None
Settling None | None None | None | None
1022 sacl, cp 31.5 | 47 215 | 12 25 | 100 7 90
511 soc™1, cp 39 61 27 12 50 148 85 126
10.22 soc’!, cp 150 200 150 | O 200 1000 | 150 900
25 0.0836 sec!, cp 200 2400 | 80O 0 a0 7800 | 300 7400
STl 23 a9 3 4] 2 53 4 59
Teble 5
30
16.5 ppg CaBry/ZnBr, Fluids
Fluid 5-A 5B 5C | 5D 5E 5F 5-G 5-H
XLAPS, ppb B8O 100 |0 o 0 80 8.0 80
35 Xanthan, ppb 0 0 1.5 0 0 15 0 0
Scleroglucan,ppb { 0 0 0 1.5 0 0 1.5 o
Suctinoglyean, ppb | 0 0 0 0 1.5 0 0 15
Initial Rheology at 120°F
. 40 1022 sec?, op 38 445 | 105 | 22 8 n7 120 B35
511 sac, cp 42 55 12 24 7 185 150 112
10.22 sec’!, cp 150 200 00 | 50 - |50 900 250 200
0.0636 sec’!, cp 500 7800 | 40 0 20 4800 | 800 600
5Tl 12 142 3 o 3 29 5 5
d Slatic Aged at 1B5°F lor 16 hour
Sepamfion o None | None | Tolal | Tolal | Total | None | None | None
Satting None | None Nong | None | None
1022 sect, cp 375 | 65 20 165 | 205 | 127 82 144
ad 511 sec’?, cp 48 83 25 18 25 178 [ 108 | 198
10.22 sec™!, cp 150 300 100 | O 100 { 1050 | 200 1350
0.0836 sec-1, cp 500 2100 | 360 | 20 200 | 5700 | 400 15,000
8T 1" 25 14 1 8 228 4 78
&5
9
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Table &
CaCl, Fluids 8 pob XLAPS

Fluid 6-A 6-8 6-C 6-D 6-E 6F

Denslly. ppg 9.5 9.5 10.35 | 10.35 113 {113

Q.15 ppg CaCl,, bbl | 0.97 0.97 0 0 0 0

10.0 ppg CaCl, bbi | © 4] 0.97 0.97 0 4]

11.0 ppg CaCl,, bbl | O 0 0 0 0.87 | 0.87

CaCQOy, ppb 25 25 26 - -] 25 25

MgO, ppb ] 025 o 0.25 0 0.2-5

Initial Rheology at 120°F

1022 sec, cp 8.5 15 15 18 265 3

511 sac’!, cp " 17 18 27 33 41

10.22 gac’1, cp 50 250 50 300 150 800

0.0696 sec’, cp 5520 15,737 | 2000 | 16,957 | 4000 | 20,298

8Tl 502 926 128 608 121 495

Static Aged at 185°F for 16 hours

Sepamtion, in 1 1.25 025 | 025 0.25 | None

Settling Seliling | Settiing | None } None None | None

1022 socl, cp B85 13 155 | 225 26 a5

511 sect, cp 1§ 19 19 33 33 48

10.22 sec!, cp 50 250 0 480 150 500

0.0836 sac1, cp 3500 21,685 | 1120 | 33,683 | 1820 | 33,6888

SN e 1142 59 1021 55 706

Table 7
8 XLAPS
14.6 ppg CaBry/ZnBy, Fluids 10.35 ppg MgCly
Flukd T-A 7B 7C 7-D g-A 8B
MgO, ppb 025 |0 ¢} 025 | 0O 025
Mg Peroxide, ppb 05 05 0.5 0 0 0
Sodium Thicsulphatse, ppb | 0.5 0.5 1.0 0 0 0
K;HPO,, ppb 0 0 ao 0 0 0
inkial Rheclogy at 120°F
1022 sec’), cp 235 |24 23 285 | 205 19
511 eec’, cp 0 0 29 34 23 7
10.22 sac!, cp 200 | 100 100 200 150 50
0.0636 sec’, cp 2200 | 3500 3479 4000 | 4589 | 8358
STI 107 17 120 118 200 237
Static Aged at 185°F for 16 hours
Separation, in None | None None None | 025 0.25
Setting None | None None None | None | None
1022 soct, cp 25 245 25 7 22 215
511 sacl, op 3 30 - 44 a5 2 30
10.22 sect, cp 100 50 450 200 250 150
0.06386 sac’, cp 6000 | 520 24,595 | 2100 | 6019 | 11,618
-1} 194 17 669 | 67 216 a7
10
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Table 8
14.6 ppg CaBry/ZnBr, Fluida
& ppb XLAPS, 0.25 ppb MgO
Hr. Aged & 1B5°F 16 ] 62 72 144 316
1022 eec™’, cp 27 285 | 295 | 295 | 28 29.5
511 sec’!, cp a5 37 39 |39 7 as
45
63

0
28.5
34
340.7 sec, cp a8 405 | 435 | 465 46.5
51
200
300

170.3 sec’!, cp 54 57 63 63 63
10.22 sec, cp 200 200 250 300 250 250
5.11 sec, cp 300 300 400 400 400 400
0.06368ac!,cp | 3997 | 1240 | 2100 | 5599 | 5919 | 6079 | 5059
1] 18 35 57 144 152 164 130
Seaparalion - Nona | None | None | None | None { None
Setlling - None | None | None | None | None | None

Clalms

1.

A clay-iree well drilling and servicing fluid comprising an aquecus brine contalning at least 1.2 equivalents per liter
of a water scluble divalent cation sall, a particulate bridging agent which is insoluble in the aqueous liquid, and a
starch darivalive wherein the concentration of the starch derivalive is sufficient to provide the fluki with the loliowing
characlersitics. (a) a low shear rate viscosity less than about 10,000 centipoice; (b) a high shear rate viscosiy at
511 sec™! in the range from about 15 to about 70 centipcise measured & 120°F; (c) a fluld loss less than about 10
miliiliters as moasured at 1B85°F and 250 psi differential pressure across a 5 micron disk for 30 minutes; and (d)
anli-seltling characteristics as exhibited upon slalic aging the fluid for 16 hours at 185°F.

The fluid of Claim 1 wherein the starch derivative comprisas a pre-gslatinized crosslinked amylopectin starch which
hes basn crosslinked 1o the extent that the viscosity of a basic aqueous amylopectin starch suspension undergoing
croaglinking e within sbout 25% to about 60% of the maximum viscosity which can be oblained.

Tha fluid of Claim 2 wherein the amylopectin elarch is crossiinked with epichlorchydrin.
The fluid of Claim 3 wherein the density of the fluid is at least about 10 ppg.

The fluid of Claim 3 wharein tha water sofuble divalent chtion salt & selacied irom the group conslsling of the
alkafine aarth melal halide salls, the zinc halkle salts. and mixtures therect.

The fluid of Claim 3 wherein the conceniralion of the starch derivalive is from aboul 5 ppb to about 12 ppb,

Tha tlukd of Claim 3, 4, 5, or 6 additionally conteining an additive sslected from the group conelsting of magnesium
axide, dipotassium hydrogen phosphate, and mixtures thereo!, in an amount suificient io increaza the low shear
rale viscosily without increasing the high shear rate viscoaity above 70 centipoiae.

A procass of preparing a clay-free well drilling and servicing fluid, the fluid comprising an aqueous brine containing
at leasl 1.2 equivalents-per liter of a water soluble divalent cation salt and a particulate bridging agent which Is
insolubla in the aquecus Iquid, which comprises adding 10 the fluid a starch derivalive in an amount sufficient to
provide the fluld with the lollowing characteristics: (a) a low shear rate viscoslty less than about 10,000 cantipolse;
(b) a high shear rate viscoshy at 511 sac! in the range from about 15 to about 70 centipoiae measured at 120*F;
{c) a fluid loss less than about 10 millilters as measured at 185°F and 250 pal difflerenilal preseure across a 5
micron disk for 30 minutes; and (d) anti-ssttiing characterielics as axhibited upon siatic aging tha fluld for 16 haure
at 185°F.

The proceas of Claim B wherein the slarch derivallve comprisss a pre-gelatinized crosslinked amylbpectin slrch
which has been crossiinked io the exieni that the viscosity of a basic agqueous amylopectin slarch suspension

1"
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undergoing crossiinking is within about 25% to about 60% of the maximum viscosity which can be oblained.
10. The process of Claim 9 wheren the amylopectin glarch i crosslinhed with epichlorohydrin.
11. The process of Claim 10 wharein the density of the fluii ia al laast about 10 ppg.

12. The procesa of Ciaim 10 wherein tho water soluble divalent cation sah Is selected from the group consisling of the
alkaline earth melal halide salis, the zinc halide salte, and mbdures therec!.

13. The process of Ciaim 10 wherein the concentration of the starch derivative is from about 5 ppb to about 12 ppb.

14. The process of Claim 10. 11, 12, or 13 additionally containing an additive selected trom the group consisting of
magnssium oxide, dipotasaium hydrogan phogphate, and mixiures thereot, in an amount sufiicient to Increaee the
low shear rale viscosity without increasing the high shear rate viscoeity above 70 centipoise.

15. A process of driling @ well wherein a drilling fluid is circulated within Lhe wellbore being drilled as driling procesds
which comprises using as the drilling fluid the fivid of Claim 1, 2, 3, 4, 5, or 6.

16. In a process of complating or working ovar a well wherein a subtarranean formation ls contacied with an equeous
liquid, the improvement comprising using as the equecus Mluid the Nuidof Clsim 1, 2, 3, 4, 5, or B.

17. A process of drilling a well wherein a driling fluid is circulated within the wellbore being drilled as driling procseds
which compriaes using aa the diilling fluld the fluid of Claim 1, 2, J, 4, 5, or 6, wherein the flvid additionally containa
&n additive selected from the group conwsisling of magnssium oxide, dipotassium hydrogen phosphate, and mix-
turos thorool, in an emount sufficiont to incroase tho low shoar mte viecoeity without increasing the high shoar
rate viecosity above 70 cenlipoise.

18. In a process of complating or working over a wall wherein a subternanean formation is contacted with an aqueous
liquid, the improvement comprising using as tha aqueous fluld the fluid of Claim 1, 2, 3, 4, 5, or 6, wherein the fluld
additionally contains an additive selected 1rom the group consisling of magnasium oxide, dipotassium hydrogen
phosphate, and mixturas thareol, in an amount sufficiant to increase tha low shear rate viscosity without increasing
the high shear rate viscosity above 70 centipoise.

12
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Nuid with the following characiristics: (a) a low shear rate
viscosity less than about 10.000 centipoise; (b) a high shear
rate viscosily al 511 sex™ in the ranpgs from sbout 15 lo
about 70 centipoise measured al 120° F; (c) a fluid loss ess
than about 1¢ milliliters as measured al 185° F. and 250 pri
differcntial pressure across a 5 micran disk for 30 minutes;
and (d) anti-seilling charactenislics as exhibited upon static
aging the fluid for 16 hours at 185° F. The low shear rate
viscosily of (he fluids can he increased without increasing
the high shear rate viscosily above about 70 centipaise by
incorporatiog mlgnuuum axide and/or dipmtesivm bydro-
pon phosphate in the fluids. The mveation also pmuhs '
melthod of making the clay-free well drilling and servicing
fluid and 2 process of drilling. completing, and wusking over
a wel with the clay-free fluid.
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DIVALENT CATION-CONTAINING WELL
DRILLING AND SERVICING FLUIS

Thix ix 3 contimuatin-in-part of US. patenl application
Sor. No. (RGR7 ik Aug. 5. 1999 now U.S. Pal. No.
O MN)L2RD.

BACKGROUND OF THLE INVENTION

The present invention relates fo clay-free aquenus well
drilling and servicing ftuiik. methods of preparation thercol,
and mecthod of drilling a well therowilh.

“The use of Muids for conducling various operalions in the
horehulex of sublerrenean oil and pas wells which contact »
producing formation anc well koown. Thus drill-in fuids are
utilized when initially drilling into producing formations
Completion flukls are wtiliad when conducting varkws
vamplelion operalions in the producing, fomaltions. Work-
over fluids ape utlizcd when conducting workover operations
ol previously completed wells.

One of the mast imponant fvoctions of thae (uids is W
scal off the (sce of (he wellbore so that the Tuid i mot lost
W ihe formation. Weally this i accomplizhed by depositing
a filler cake of 1be solids in the fuid over the surface of 1he
horeholke wilhoul any Iess of solids to the formation. 1n other
words, the solids in the Muid bridge over the formation pores
ralber than permanently plogging the porex. Thix is particu-
Iarly crilical in conducting horizontal drilling operations
within hydrocarbua-containig formations.

Many clay-frec fluids have been pmposed for cnotacting
the producing zono of cil and gas wells, Sce for cxample the
following U.S. Patenis: Jackson el al. U.S. Pal. No. 3,785,
438; Alexander U.S. Pat. No. 3872,018: Fischer ¢l el US.
Pat. No. 3882,029: Walker US. Pat. No. 3,956,141;
Smithey U.S. Pat. No. 3.986.964; Jackson ef al. US. Pat.
No. 4,003,838: Mondshioe U.S. Pat. No. 4,175,(M2; Mood-
shine U.S. Pat. No. 4,186, 803; Mondshine U.S. Pat. Na.
4,369,843; Mondshine US. Pat. No. 4,620,596, Dobson, Jr.
cl al. US. Pat. No. 4,822,500, and Jobnsoa US. Pat. No.
5.504,062

Theae fluids peocrally comtain polymeric viscosifiers such
as cerisin polysaccharides or polyssccharide derivatives,

polymeric fluid loss conlrol additives such a¢

ligoosulfonates, polysaccharides or polysaccharide
derivatives, and bridping xolids. As discloacd in Dobson, Jr.
cl al. US. Pat. No. 4,822,500, a xanlban biopolymer and ap
epichlorohydrin cresslinked bydroxypropyl starch fluid Joss
conlrol addilive synergistically interact to provide suspen-
sion and finid loss conlrol in certain of these fluids,

Magpesium oxice has bevn disclosed for use in various
polysaccharide conlaining fuids 1o increasc the thermal
stability \bereof. See for cxample the following U.S. patenis:
Jackson U.S. Pat. No. 3,852,201; Jackson US. Pat. No.
3,953,335; Hartficld U.S. Pat. No. 3,988,246; Jackson US.
Pat. No. 4,025,443; and Dobson, Jr. US. Pal. No. 5,514,644,

It is well known that certain hiopolymer-conizining fluids
are shesr thinning, exhibiting a high low shear rate visconity
aod a low high shear rale viscosity. A near 2er0 shear rale
(006 to 0.11 seci™) viscosity provides a numerical value
related 10 the ability of & fluid 1o suspend particles ar cuttings
umder siatic condition. Conversely, viscosily measured at
shear nles sbove 20 sec™ relaies 10 the bole cleaning
cupability of a fluid under anoolar low cooditions.

Tt is known 10 use donse brincs 25 the base: aqueous liguid
for bigh density drilling and well servicing fvids. Such
fluiis comain minima! soluble bridging solids concentration
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amd viseowifying polymer additives, The most commercially
availahk: demw brines contein calcium chloride, calcivm
bromide, and zine bromide. Howewer, vilizmtion of the
brinus hax becn limited. Generally. waicrssoluble polymons
wad for visoosity and iliration control do not perform well
in calvibm bromide and zine hromide brines. Lzamples of
the ure of dense brimes for use in well drilling and serviving
Nuicls arc as follows: Swarlwout cf al. U.S. Pal. No. 5,612,

293: Dubsan, Jr. ¢f al. US, Pat. No. 5,016,541 Dobson, Jr.

ui al. U.S. Pal, No, 5.728,652: Dobson. Jr. et al. UK. Pat, No.
5. 72865 Vollmer 1 al. US. Pat. No. 5.785.747; amd
Dubson. Jr. et al. US. Pal. No. 5.R04.535.

Clean-up of (he filler cake deposited on the sicex of the
hurcholke is a eritical part of the completion procass to cosure
maximrm productivity from a wellbore. Poor wall cake
development allows particulates or liquids 1o cnler the
furmation resulling in inlernal formation damape. Solids or
polymers which have nol been remeoved from the surfuce of
2 horehole can also impede the Jow of hwdricahons hy
plugging a prepacked sereen during production. Filler cake
renwrval is gencrally undertiaken by treating the wellhore
with concentrated acid solution, particularly hydrachloric
acid. Dubwon, Jr. ¢t al. U.S. Pal. No. 5607905 discloses the
incurporation of certain intrpanic peroxides into the filler
vake which enhanve the rvmoval of the liller cake upon
contacting it wilh an acidic solution. Brannon el al. US. Pal.
No. SRNLRID discloses an enzyme-containing clean-up
Mid for degrading the residual polymeric viscosifiers
present in filier cakes from drill-in flvide or prescnt in i
formalinn from other well treating finids,

While these improvemenis in formulating well drilling
and servicing fluids from bigh deasity brincs bave had
coromercial soccess, thore is still a necd for mch Duids
which exhibit enhanced particulate suspension characicris-
lics at Jower viscosilies and which are easier and morc
completely removed from wellbores, screens, and the like
prerend in hydrocarbon-containing formations.

SUMMARY OF THE INVENTION

The invention provides clay-free well drilliog and scrvic-
ing fluide comprising an squecous brine whick containe a1
lcamt 1.2 equivalents per liter of a water sofuble divalent
calion gall, s particulate bridging ageat which is inscluble in
the aqueous brine, and a starch derivative which functions as
a combination suspenling agent sod Buid loss control agent.
The starch derivative is uscd in a concenintion sufficient 1o
provide ihe Buid with the [ollowing charsctenistics: (a) 2 low
shear rate viscosily less than about 10,000 centipoise; (b) a
bigh shear mte viscostity at 511 sec™ in the range from abont
15to about 70 cenlipoise measured at 120° F; (c) a fluid loss
less Lthan about 10 millilitors as measured at 185° F. and 250
psi differential presaure 2cross & 5 micron disk for 30
minutes; and (d) snti-seliling charucteristics a8 exhibited
upog siatic aging lhe 8uid for 16 hours a1 185° F. The
invention further provides that the low shear rate viscosity
canhlmwhwtnnmﬂlhmhihurnuw
above aboui 70 centipoise by mtpcnlm; magnesium
oxide and/or dipolassiom hydrogen phosphate in the fluids.

The preferred modified starch comprises amylopectin,
such as a waxy starch, (hat bas been crosslinked to the extent
thai the viscositly of a basic aqueons smylopectin starch
suspcmsion underpoing crosatinking is within about 25% to
about 60% of the maximum viscosity thai can be oblained,
preferably from sbout 25% (o less than sbout 50%, ard
pre-gelalinized.

The invention further comprises » process for preparing
the clay-free Ruids, and a process of drilling, completing, or
working over a well with the clay-free fluids.
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While the invention is susccptible 10 varoes modifica-
tions and aliemative forms, spovilic embhodiments thereol
will hercinafier be deseribed in detail amd shown by way of
example. It shoukl be updvrsiowd, however, thal it is nol
intended 1 limit 1 invention 16 the panicular forms
dirclosed, bul. vn the contrary, the invenlion & Io vover all
mndilicotions and allernatives Falling within the xpiril and
seope of the invention as expressed in the appended claims.

The compessitions can comprise, consist essemtially of., or
consist ol the statcd malerials. The methix! can comprise,

vunsi®t exsentially of, or corsist of the stated steps wilh the,

staled materials.

DETAILED DUSCRIFTION OF NI
INVENTION

The presenl invention is based on the discuvery that
vertain starch derivatives (unction in certain dense brines to
impant suspension characicristics and fuid loss conirol char-
acteristics (0 the brines.

The brines useful in the compositions and processes of the
invention contain al cast (L6 equivalenis per liter of one or
more water soluble divakenl cation salis. relerred divalent
cations are the alkaline carth metal salls and/or zinc salis.
The rcfumred anion is a halide. most preferably chioride
axl/or bromide. Mos! preferred divalem cations are selected
from the group consiading ol calcium, magnesium, zine, und
mixturex ihereol. Thus the most prefemcd salls are selecied
from the group consisting of calcium chloride, caleium
bromide, msgncsium chloride. mapnesium bromick. zinc
chloride, zinc bromide anx] mixtures 1thereof. Qtbwr divalent
calion water saluble salis maoy be present in the brine.

The preferred brincs have a densily of at Ieast about 10.0

PPE-

Starch is a naturs] polymer conlaining an abundance of
hydroxyl groups. Each anhydroglucos: unit contains two
secondary hydroxyls and » large majorily conlain primary
hydroxyls. These bydroxyls poicnlially are abic tu react with
any chemical capable of reacting with aleobolic bydroxyls.
This would inchude & wide range of compounds such as acid
anhydrides, organic chloro compounds, aldehydes, epoxy,
cihylenic compounds, cic. When the specified chemjeal
conlains lwe or more moiclics capablke of reacling with
hydroxyl groups, there is the possibility of reacting Iwo
differcnl hydmxyls resulling in crosslinking between
hydroxyls on {hu same molccuk: or on dillerent molecules.

The chemigtry of siarch and the preparation of » multinzde
of derivatives thereof is well knenwn. A boak eatithed ~Modi-
ficd Starches: Propertics and Uses,” by 0. B. Wurzburg,
1986 (CRC Press, Inc.. Boca Raton, Fla,, US.A) i5 an
excellenl source {or information in the preparation of modi-
fied starches. In regards 1o the prepamation of the crosslinked
starcbes of this inveplion, the chapter entitled “ Crosslinked
Starches™ is particularly pertinent.

Represcotative crosslinking materisls ars epichlorohydrin
and other epibalobydrns, formaldehyde, pbosphorous
oxychloride, irimetapbosphaie, disldchydes, vinyl sulfone,
diepoxides, diisocyanales, bis{hydroxymeibyl)eihyleoe
urca, and the tike, The preferred crosslinking compound is
epichlorohydrin.

Cromlinking of the starch resulis in an increase in the
molecular weight of the starch and an increasc im the
viscosity of agucous dispersions of the starch,

The reaction conditions vsed in making crosslinked
sturches vary widely depending vpon the specific bi-or
polyfunctional rcagent used for tbe crosslinking. In gencral,
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mosl of the reactions arc AM on ayucous suspeakions ol
starch al temperatures canging from room femperature up 1o
ahout S0P ¢ Often an alkali such 25 sxdium hydroxide is
used I promuote reaction. ‘The reactions are mrmatly aun
unler mewirl W fairly alkaline conditions, bt behay the
level which will pepliza: or swell the slarch. If the erosslink-
ing reaction & rem in an agueous soxpension ol starch, when
the desired kevel of cnwalinking (usally ax measural hy
soame type of visousily or theology (esd) is neached, the siarch
suspenkion is ncutralized wnd the sanch is Jihered aml
washed to remove salis, any unreacted reapent. and olber
impuritics prxhicw) by sidde reactions of the crossliking
rcagent with waler. Konigsbuerp US. Pal. No. 2,500,950
dixcloses ihe cneslinking of slarch with cpoxyhalogen com-
pouncls such ax epichlorohydrin, IF desired. the starch can be
smpended in oon-aqueous liguids or agueous alutions
containing waler soluble urganic liguids during erosslinking,
See for example Koeskr e 2l US. Pal No. 2845417,
incurpurated herein by referemee.

It is preferred that the amylupeatin starch for use in the
present imendion he crosslinked with cpichlorohvdrin in 2
basic aqueous darch suspension at » (vmperatore and for a
perindd of time such that the Brabander viseosity of the
suspension i® within about 25%. 10 sbout 60%: of the maxi-
mum attainable vikcurity. preferably [rom ahoul 25 1o hess
thar aboul 50% of the maximum atlainable viscosily. T
viscosity will vary by the amount of crowslinking snd the test
condilions, i.c., lumperature, concentralivng, vic. A viscusily
peak indicatex maximum cnwelinking. Wheo the desined
viscusily is reachusd. the crsslinkug reaction ix teeminated,
A Bnbender Viscomeler ix 3 standard viscometer readily
availahle an the open macket and well known ta those skilled
in the arL.

As indicated, the crosslinked amylupectin siarch of this
invention is pre-pelatinized. The lerm “gelatinization™ is
well known in the art and is generally used o descriwe the
swelling and hydration of slarches. Starch gramles are
insoluble ip cold water but imbibe walcr reversibly und
swell slightly. However, in hol waler, a large imevensible
swelling occurs producing  gclatioization. - Golatinization
takes place over a discrele iemprerature range that depends
onsfarch type. Since gelatinization increamus lhe viscosity of
a sarch suspersion, the gelalinization of the sdarch is
preferably conducted after the amylopectin siarch is
crosslinked 1o the desired extent as tndicated berein. Cenain
chemicals increaso the pelatinization tempeniure range of
slarches and thus such chemicals can be present during the
cresslinking of the amylopectin in order that the crosstinliog
iemperature can be increased without gelatinization of the
starch occurring. The term ~pre-pelatmized ™ indicales that
the crosslinked arnvlopectin has been gelutinized such that
the cromlinked amylopectin does nol undergo pelatinization
upon adding il (o0 the brines of the present invention.

The crosslinked amylopectin is normally gelatinized by
heating tbe crosslinked amylopectin at a temperature shove
1he pelstinization wmpcrsture, such s duriog drying af the
crosslinked march shurry.

As indicated, the pre-pelatinized crosslinked amylopectin
for use in the present imvention & preferably derived from a
waxy starch, prefcrably waxy com {maize) slarch. As is
knervn, waxy sturches are virtually all smylopectin whereas
common starches contain both amylosc and amylopoctin
mulccules. For the purposes of disclosing and claiming this
invention, the amylopectin contains less than ahout 105 by
weight amylose, preferably nol more than aboul 5% amylose
and most preforably less than 1% amylose.

The brincs miy conlain other compatible water soluble
salls therein. The tcrm “compatible™ ax used hercin in

(3¢
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repands (o fhe prosent invemtion relfers to a salt which does
i nesult in precipitate formation in (he brine and/ur which
dunst nol prevent the dischsed pre-gelatiniaal cnsslinked
amylopeciin slanch from providing the brines with 1he
characteniios et forth bervin.

The Duidk ol 1his invention may conlain other functional
additives o impart specilic propertivs o the Nuids. Thus the
Nokix may comlain weight materiabs (which may function as
bridging apents in an approprisic particke <z ranpe). cor-
rusion inhibiloms, anli-oxidanks, oxypen scavonpers, redoe-
ing apenis, supplemental uid hoss contml adklitives, supple-
menial viscosilicrs, and the like.

The Muiks of this invention mua have a bridging agent
incorporated therein, The bridging apenis weelul in this
inwation sre well koown in the an. They are solid,
panticviate, walcr soluhk: xalis or acid soluble malerialks the
particles of which have been sized 1o have a particke sia
distribution sufficical {0 scal off the pores of the Jurmations
cuntscted hy the well drilling and servicing Muid as is well
ke in (he ant. Scc for example Dobsaon, Je ot al ULS. Pat.
No. 5416541 and Johnson US. Pat. No. 5504062, hoth
incorporsted bercin by reference. The bridging agent must
i he appreciably soluble in the liquid used to preparo the
fuid.

Represeniative waler soluble salt bridging apenis incluk:
sodium chlcride, poiassium chloride, magnesium chloride,
polassium [ormate, calcium bromide, calcium chioride, amd
the: like.

Preferred bridping apenis bave a specillc gravily kess thap
ahout 3.0 and arc sulBicicnily acid soluble sach that they
readily decompose upon acilizing the filler cake aml depos-
its in the borehole, Represcnialive bridging agenis are cal-
cium carbonate, dulomile (calcium magnesium carbonaie),
colemanite, ulexile, amlcite, apatite, bauxite, brociic.
gibsilo, and hydrotaleite.

The concealralion of the bridging agents will be sufficient
that, logether wilh the concentration of the slarch derivative.
the fluids exhibit a fluid loss lcss than sbout 10 milliliters as
messurcd at 185° F. and 250 psi differential pressurc scross
a 5 micron disk for 30 minutes. Geoenslly the conoentrtion
of (he bridging ageats will bo from ahout 5 ppb o about 50
ppb, preferably from sbout 10 ppb to about 30 ppb.

The concentratiom of the starch derivative must be sufli-
cicot 1o provide the flnid with the followiog characteristics:
{(a) » low shear rate viscosity less than aboul 10,000 ceali-
poise; (b) a high abear rate viscasily at 511 sec™ in the ranpe
from abomt 15 10 about 70 centipoise measured at 120° F;
{(c) a Auid loas less (han sbout 10 milliliters a3 measured al
185° P. and 250 psi differentia) pressure across a 5 micron
disc for 30 mimnes; apd (d) anli-sctiliog characierintics a5
exhibiled upoa siatic agiog the fuid for 16 hours at 185° F.
Generally, the concentration of the slarch derivative will be
from about 5 ppb to about 12 ppb, preforably from abowt 6
ppb 10 about 11 ppb, and most preferably from about 7 ppb
to shont 10 ppb.

It is a novel feature of the invention that the starch
derivetive imparis oxcellent suspension charscieristios to the
fluids at the Jow viscosities imparied fo the fluids. This is in
direct contrast with flnide containing water soluble polymer
viscotifiers, such ss biopolymers, such as xmnthau gum,
scleroglucan gum, succinoglycan gum, and ibe like, in the
dense brincs wacd in 1be fluids of this invention.

It is preferred that the fluids of the invention da oot
coutein any polymeric viscosifiers, such as biopolymers, ic.,
the prefermed fmide are biopolymer fee.

Without being limited thereby, we belicve thal the buoy-
ancy of the brincs contribules Io the suspension character-

BNSDOCID: U8_____ 630081 |-

"

b

6
istics af the brincs. Thus as the donsity of the dense brincs
incremax, los viscukily develupment by the starch Jeriva-
live: ix nueesnary Jor the excellen] suspension characteris kx
olwerved. This hax ool been previously knmowa. Indeed. prior
an lluids as exemplificd by the palents dischrcd hereinbe-
for: indieale that the Nuids contain a biopulymer or amur-
phous xilica viscusilicr and suspending agent and peprlly
a Warch or derivative thereol as a liltration conim] additive,

The Auids of the invenlion may be prepared amd 1he
methal ol the invention practiced, by mixing the dena:
divalent catina-contuining brine as st forth berein with the
slarch deeivative, and the bridging apent, and any oplional
additives, 38 disclosed herein. The comeeniration of the starch
ax disclscd hercin i that conceniration which will provide
the Muid with the Following characieristics: (a) a low shear
rale viscusily less than aboul 10 centipois:; (b) a high
shuar rale viscosity al 511 sec™ in the range from about 15
10 abaut M) cenlipuise measurcd at 120° I () a fuid bomx
ket (hun about 10 millilitcrs ax measured a1 IR5® F, and 250
pi diflfercntial pressure across a 5 mionw disk for M0
minuick; and (d) anti-scitling charcterisiios s vxhibited
upan static agiog the fluid for 16 bours st 185° )7,

ANcr static ‘aging the fluids in sealed pinl jars, any
scparation or syncresis was noled by measuring the depth of
scpanation. lor purpuses of this iovention, the Tuids of the
invention exhibit no more than ¥ inch separation which ix
abvut 10% by volume. The seitling characieristios of the
aged Muids is then determined by inscrting a spaivla cape-
fully into (he fluids and observing i soy sulics had svparaicd
from the fluid. For purposcs of this invention. the fuids
exhibil no sctiling of solids.

‘The Muids of 1o invention are uscful in various petrolenm
recovery operations such as well drilling, including drilling
into bydrocarbon-containing formations, completion, work-
over and the like all as are well known i the ant. Specifically
the fluids of the invention are wsefol in drillmp a well
wherein the drilling Buid is circulated within a borcbole
being drilled as drilling procecds, and in well completion
end workover methods wherein & sublermanean formation is
cnaiacted with an aqueous fluid 1o form a bridge and sepl on
the formstion, all as are well koown in (he art.

The Jow shear rate viscosily (LSRV) for purposes of this
invention is obtained using a Brookfield Model LVTDV-1
viscomeicr having a number 1 or 2 spindic ai 0.3 revolulions
per mintie (shear rato of 0.0635 sec™’). The fluid loss
chanacieristics of the finids aro obiained by a modificd APl
filtration tst. Thus 1o an AP high iemperatore filtration celt
with removable end cages is added a 5 micron disk (ic., an
alomimm oxide (Aloxic™) ccramic disk having 5 micron
pore throats, from 600 fo 750 md permeability, which is 2.5
iocbes in dinmeter and 025 inch in depih) satursted with
waler. The fluid (o be lesicd is poured atong the inside edge
of the filtration celL The filtration test is then comincted for
30 minuies af the desired lemperature of 185° F. under a
pressure differential of 250 pounds per square inch supplied
by nittogen. The spurt loss is meamared ax the amount of
fluid oxpelled from the filiration cell until the fiow of fluid
is reduced to dropw. The flwid Joss is messured & the 101al
amount of fluid collected in 30 minules.

The viscositics in centipoise al 1022 mec™’, 511 scc™’,
340.7 mc™!, 170.3 sec™, 1022 sec”?, and 5.1177 are
ohlained by utilixing a Farn 35 Viscomeler al 600 rpm, X0
1pm, 200 rpm, 100 cpm, & rpm, and 3 rpm by multiplying the
Fann Jial reediag by 05, 1, 1.67, 3, 50, and 100, respec-
tively.

In order fo mdre compleicly describe the invenlion, the
following non-limiting examples are given. Io these
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cxamplex aml this specilication, the foltowing abbreviations
may he uretl: APl=Amurican Peimokum Insdiie:; XEAPS=
e pre-getatinized epichlurohydrin erossdinked amylopeetin
starch cerivative of this inventiom which bas been
crealinket s 1he cxtent that the viseosity of a basic aquetus
amylopectin starch suspension umlersoing ensslinking is
within abewt 25% about 6(MF: ol the maximum vircosily
which can I obtained: | SRV=Brooklicld kw shear raie
vikeosily at (03 revolutivns per minute: 04636 sec™', in
cunlipoise; hiph shear mie viseosity=Iann visasily a1 511
sev! in centipuise: see ssecond(s): ppe=pounds per palion;
ppb=pounds per 42 pallon harrcl; ® Rmdeprees Fahrenheit:
ml=milliliters; min=minutcs; cp=centipoise: rpm=
revolutions per minute: in=inches.

LEXAMPLL |

12.5 ppge thoids were prepared conlaining (198 hbl equiva-
kots of a 12.25 ppg Calir. brinc, 23 ppb of a calcium
carbanaic bridging agent, and the comeenimlions ol XTLAPS,
xantban gum, seleroglucan pum, and suceinogl vean gum scl
furth in Tahle 1. The rheolugy of the Duids before and slier
aging 16 hours at 85 C. (183" F), and wn indlication of the
suspension chamcteristivs of the Avids after the Kistic aging,
wors muasured.

The data ane sei forth in Table 1.

EXAMPLE 2
1.5 ppg flnids were prepased containing (L8] bbl equiva-

lenis of a 14.2 ppg CaBr. brinc. 0.16 bbl cquivalents of 3

walcr, 26 ppb calcium carbonate bridging agent, and the
concenirations of XLAPS. xanthan gum, scleroglocan gum,
and succinoglycan gum sct forth in Teble 2. The fuids were
evaluaied as in Example 1. The data are set forth in Table 2.

EXAMPLE 1

14.5 ppg Muids were prepared conlaining ().74 bbl equiva-
lenis of a 142 ppg CaBr., brine, ().14 hbl equivalents of a
19.2 ppg Calir,/ZnBr, hrinc, 1110 bbl equivalents of waier,
025 pph megnesium oxide, 23 ppb calcium carbonale
bridging sgent, and the comeenirations of XLAPS, xanthan
gum, sckroghucan gum, and succinoglycan gum set forth in
Table 3. The fluids were evatuated as in Example 1. The dala
arc el forth in Table 3.

EXAMPLE 4

155 ppp Nuids were preparcd contsining 0.58 hbl equiva-
knis of a 14.2 ppg CaBr, brine, 0.3] bbl equivalents of 3
19.2 ppg CaBr./Zalir, brine, 0.0 hbl equivalenis of waler,
0.25 ppb magncsium oxide, 25 ppb calcium carbonake
bridging agent, and the concentrations of XIAPS, xanthan
gum, scleroglucan gum, and succinoglycan gum set forth in
Table 4. The fluids were evalualed as in Example 1. The dala
arc st forth in Teble 4.

EXAMPLE 5

16.5 ppg Nuids were prepared containing, 041 hbl equiva-
lents of & 14.2 ppg CaBr, brine, 0.52 bb! equivaleots of a
19.2 ppg Calir./ZnTir., 0.05 bbl equivalenis of water, 0.25
ppb of magnesium oxide, 23 pph calcium carbonate bridging
agent. and the concenirations of XLAPS, xantban gum,
sckeroplucan gum, and succinoglycan gum set forth in Table
5. The fluids were evaluated as in Exsmple 1. The dats arc
scl forth in Table 5.

In Tablea 1-S, fluids C, D and E which doo"t contain the
XLAPS of thix mvention ar: not examples of the invention,
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amxl are preseed fur comparikon purpascs only. The data
intieate ithe exvellent sukpengion charackeristies of the Jluids
containing the XLAPS cven at very krw LSRY, sndd 1he wery
ponr suspension characteristics of the uads containing vnly
the hivpolymers. Incorpuratiun of a biopolymer inle 1he
XIAPS-containing Nuids increased the high shear rabe vis-
vixily and affected the ESRV in various ways depemding
upon (e densily of the Nuids. The data alse indicste that, in
geacral, the | SRV ducrcases and the high shear rae visoox-
ity imcreasex ax the concentration of zine bromide in the
Nuids increases. However, the execlkent suspension chamc-
teristics of the Nuids was raintain,

EXAMPLE 6

CaCI2 Muids having deosities of 9.5, 1035 and 113 ppg
wure proparcd cach conlaining &8 ppb XLAPS und the
canceniralion of Mpt) and cokium cariwmate briding agent
scl forth in“Tablke 6. 'Ihe fvids were evaluated as in Example
L. The data ablained arc st fonth in “Table 6.

‘The data indicatc that: (1) the density of the Huids should
be greater than 9.5 ppg. preferably at kast shout 10.0 ppe:
(2) mapnesium oxide can be added 1o increase the viscosity
of the fluids, as desired. ospecially the LSRV: and (3) the
cxeelicnt suspension charucteristics of the Muids of the Puids
ol tbe invention even at Jow LSRV.

EXAMPLE 7

14.6 ppg CaBr./ZnDr., fluids were preparcd each contain-
ing 8 ppb XLAPS. 24 ppb CaCQ, bridging ageni. 0.7] bbl
14.2 ppg Caliry, 0.11 bhl water, 0.17 bbl 19.2 ppg Caldr/
Znlr., and the concentnations of Mg0, MgO.. sodum
thiosulfate, and K.11PO,, st fonh in Tabk: 7, The Duids were
cvaluated as in Example 1. The dala obtained are st forth in
Tabk: 7.

“The data indicate that the magnesivm oxide enhanved the
thermal stability of the fluids conlaining the magmesium
peroxide and sodivm thicsollate, and that the K,11PO,
increases the viscosity of the fluid after aging ut 185° F,
capecially the LSRY.

EXAMPLE 8

A 14.6 ppg CaBr/ZoBr., fluid was prepared o5 in
Exampk 7 conlaining 8 ppb XLAPS, (.25 ppg MpQ, and 24
pph CaCO, bridging agent. The rheology of the Buid was
mcasured al 120° F. inilially amd aficy agiog the fluid for the
time sel forth in Thble 8 at 185° F. The dala oblained are sei
forth in Table 8.

The daia indicate the exceclleni thurmal stability and
suspension characteristics of the fluid.

EXAMPLE 9

10.35 ppb MgCl. fluids were prepared conlining 0.97 bbl
of 10.0 ppg MgCl. brinc, 8 ppb XLAPS, 26 ppb cakium
carbonaie bridging sgent, and either 0 or 025 ppb MgO. The
fluids were evaluaied as before, The data oblained are set
forth in Table 7.

The data indicate 1be excellent sispension charscteristics
of the XLAPS in MpCl.-containing brines, and the increase
of the LSRV upun addition of the MpO.

EXAMPLE 10

The high temperature, hiph pressure Huid loss for fhids
4-A, Table 4. and 5-A, Thble 5, were delermined a1 185" F,
250 psi differenlial pressure across a 5 micvon disk. The data
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obtainal an: e follows, Flukd 4-A: Initial-—Spunt Losk=1.5
ml. M) min.=3 ml; Aged @@ 185° '—Npurt Loss=25 ml, 3
min=35 ml. Fluid 5-A: Inilial—Spunt Losse].5 ml, 3
min=3 ml: Age) G 185° ¥—Spurl Liwss=2 ml, 30 min=4 ml.

"These dole illuxirate the excellent Muid loss characicridics
of the fluitk of 1his invention.

The data in the Tables indicate that the LSRV of the (luids
uf this invention can he increased by the addition of map-
mxivm oxide, dipotassium hydrogen phosphate, or biopoly-
mens 1o the fluids, particularly aficr xubjecting the fluids 1o
elevaled temperutires as would occur on using the Nuids in
the drilling or servicing of wells, The dsis also indicale thal
only low concentrations of the hiopulymer can be incorpeo-
ralad into the fluids withowl vnduly raising the high shear

10

rate vireuity, i.. al 5H see™!, Thus the LSRV of the luids
can by incressed withaul unchily raixing the high shwar eate
viscusily by the addition of magnesium vxide and/or dipo-
ssivm hydrogen phosphaie 10 the Ruids, preferubly in an
amiunt from whout (L1 ppb 10 about § ppb. It ix anether
aspect of the iovemion (o increase (he low shear nmic
visouity of the uids of the invention without increasing the
high shear i visasily above about 70 centipoise by the
addition of magmsivm oxide and/or dipolassium bydrogen
phusphate 1o the fuids. Thus the low shear rate viscosily of
the Muids can be greater than 10,000 centipoise upon the
addition of on additive which rzises the low shear rale
viscusily of the Ouids without raising the high shear rale
visonsity above ahout 70

TABLL 1
115 pog CoBr, Floids
* Fluid 1-A -8 < ¥ ) IF Q0 11
XLAPS, pph K0 N 0 o 0o 1] ®n &o
Xamthan, ppb o [ ] 1x o ©° 15 n 0
Relesoglacn, pph 1] 0 0 15 0 [+] 15 [}
Succinoglyam. pph n n 0 v 15 n n 15
Initia) Rbeolopy 2 J30* R
022 ex, p m k) 155 M5 1 ] LI
Stleext op n L] 9 mz n 4 ™ 0
1052 sec~' cp 150 150 L | 3 o0 0 80
0.0636 see™, cp AW &0 1920 9AB 1M 17,00 MN0 W
sn 138 65 101 40 1w 155 ™ e
Suntic Aged st 185 F. for 16 houmn
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What is cloimed it

1. Aclay-Irec well drilling and servicing Buid comprising
an ogucons brine containing af least 1.2 equivakenis per liter
ol a waler soluble divalent cation salt. a particulate bridging
agent which is insoluble in the aqueous Tiguid, axd a darch
derivative wherein the concentration of the starch derivalive
& sufficient to provide 1he Tuid with the Tollowing charae-
terislics: (a) o low shear ralc viscosity Jess than about 10000
centipoise; (b) a high shear raie viscosity at 511 see™" in the
ranpx: from about 15 to about 70 centipoise measored ot 120°
F.: (¢) a NMuid ks kesx than aboot 10 milliliters as measuned
al 185° F and 250 psi differential pressure acrss a S micron
disk for 30 minuics: amd (d) anti-sctiling characlcristics as
exhibited upon static aging the fluid for 16 hours al 185° 1.
aml whercin the starch derivalive comprises a pre-
gelatinized crosslinked amylopectin slarch which has been
crusslinked 1o 1be extent that the viscosily of a bagic aqueous
amylopclin slarch suspension wadergoing crssliking is
within ahout 25% 10 sbaout 60F of the maximem viseosity
which can be obfaincd. .

2. The Muid of claim 1 wherein the amylopectin slarch is
crosslinked with epichlorohydrin.

3. The buid of claim 2 wherein the density of the Nuid is
al least about 10 ppy.

4. The fluid of claim 2 wherein Ihe water soluble divalent
cation salt is sclecwd from e group consisting of the
alkaline carth metal balide salis, the zine halile salis, and
mixtures thercof.

5. The fiwid of claim 2 wherein the conceniration af the
siarch derivalive is from aboul 5 ppb 1o abaut 12 ppb.

6. The fuid of claim 2. 3, 4. or § additionally conlaining
an additive selected from the group consisting of magnesium
oxide, dipotassium hydrogen phosphate, and mixtures
thercof, in an amount sufficient (o incrcase the low shear rale
viscosily withoul incressing the high shear rale viscosity
above 70 centipoie.

7. A process of preparing a clay-free well drilling and
servicing fluid, the fluid comprising an aqueous hrine cop-
{aining a1 least 12 equivalents per liter of a waler soluble
divaleni cation salt and a particulate bridging agent which is
insoluble in the aqueous liquid, which comprises skling to
i fluid a siarch derivative in an amount sufficient lo
pruvide the flukd with the following characteristivs: (a) a low
shear rate viscosily less than about 10,000 centipoixe; (b) a
high shear rato viscosity al 511 sec™ in Ihe range from about
15 10 about 70 centipoise measured ot 120° F; (c) a fluid loss
less than about 10 millililers a8 measured st 185° F and 250
psi differcntial pressure across a 5 micron disk for 30
miouies; and (d) enti-setling characicristics as cxhibited
upon siatic aging the fluid for 16 bours at 185° R, wherein
the starch derivative cumprises a pre-gelatinized croaslinked
amylopectin starch which has been crosslinked 1o the extent
that the viscosily of a basic aqueous amylopeclin starch
suspension__undengoing crasslinking is within about 25% 1o
about 60% of the maximum viscosily which can be obtained.

8. The process of claim 7 wherein the amylopectin starch
is croaslinked with epichlorohydrin,
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9. The procvess of claim B whervin the demsity ol the luid
i at Jeast about 10 ppg.

1. The prxwss of claim 8 whercin the waier soluble
divalent cation salt is schected from the grovp consisting of
the alkaline carth metal halite salis. the zine halide sulis, aml
mixiuns thereof,

11. The process of claim B wherein the coneentraiin of
the starch derivative is from about 5 ppb ke about 12 pph.

12. The procers of claim 8, 9. 10, or ! additionally
vonlaining sn additive sclected from the group consisting of
magnesium oxide, dipolassivm hydrogen phosphate. and
mixtuns (hereol, in an umoumt suflicient 1o incresse the Jow
shear rale viscosity without increasing the high shear raie
viscosity above 70 centipoise.

13, A provess of drilling a well wherein a drilling, fuil ix
circolated within the wellbore being drilled as drilling
proveeds which comprises using as the drilling fluid the Buid
of claim 1.2,3. 4, of &

14. In a process of ecompleting or working over a well
whercin 2 subicrmanean formation is contacked with an
aquenus liquid, the improvemenl comprising wsing as the
aquecus foid the fluid of claim 1,2, 3, 4, or &,

15. A process of drilling a well wherein a drilling, Ruid ix
circulated within the wellbore heing drilled as drilling
proceeds which comprises using as the drilling fuid the Mkl
of claim 1. 2, 3, 4, or 5, wherein the fluid additionally
cuntaing an additive sclected from the group consisting of
magnesium oxide, dipoassium hydropen phosphate, ond
mixiurc thereol. in a0 amovnt sufficicnt 1o incresse the low
shear rale viscusity without incressing the biph shear rate
viscosity above 70 cenlipoise.

16. In a prowess of completing or working over a well
wherein a subtcrrancan formation is conlacled with an
aqueous liquid, the improvement comprising using ax the
aqueous fluid the fleid of claim 1, 2, 3, 4, or 5, wherein the
Auid additionally conlaing an additive sclected from the
group consisling of magnesium oxide, dipotassiom hydro-
gen phosphate, and mixturcs thereol, in an amount suficicnt
10 increase the low shear rale viscosily wilbout increasing
the high shear rale viscogity above U centipoise.

12. The Ouid of claim 1, 4, or 5 whercin the density of the
fluid & at Jeast about 10 ppg.

18. The fluid of claim 17 additionaily conlsining an
addilive sclccled from the growp consisiing of magnesium
oxide, dipotaxsium hydrogen phosphate, and mixturcs
thereof, in an amouni sufficient lo increase the low shear rale
viscosity witbout increasing the high shear rate viscosity
above 70 cenlipoise.

19. The process of claim 7, 10, 11 wherein the demily of
the fluid is at keast abowt 10 ppg.

20. The provess of claim 19 additivnally containing an
additive sclecled from the gromp consisting of magnesium
oxide, dipolamsium hydrogen phosphalc. and mixiures
thereod, in an amount sufficient (o increase the Inw shear rate
viscosily witboul increasing the high shear rate viscosity
above 70 centipoise.
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21. The pracess of claim 13 wherein the densily of ihe 24. The process of claim 16 wherein the density of the
fluid is at lcast about 10 ppe. Nuid i at least about 10 ppg.

22, T process of claim 14 wherein the densily of the
fluid is at lcast ahout 10 ppp.

23. 'The process of claim 15 whercin the densily of the s
fluid is st lcast ahout 10 ppe. - e r 8
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WATER BASED WELLBORE FLUIDS

The invention relates to wellbore fluids used during a hydrocarbon recovery process, such as
drilling, fracturing, gravel packing and wellbore workover. More precisely, the present
invention relates to water based fluids.

Wellbore fluids used in the hydrocarbon containing subterranean zones must fulfil besides the
usual functions of a drilling fluid also more specific requirements to ensure minimum damage
to the formation. The currently available water based drilling fluids are able to ensure
minimum damage to the formation and completion due to the selection of the right particle size
distribution of the bridging solids, the choice of the fluid loss additive and other components of
the fluid.

With standard graded calcium carbonate based drilling fluids and the subsequent filier cake it
produces, the initial return permeability may be high. However, the presence of drill-solids can
be enough to significantly affect the filter cake behaviour, so reduce the effective permeability
of the reservoir and as such a stimulation treatment would be recommended to substantially
remove the filter cake.

Furthermore an increasing practice is the drilling of unconsolidated sand reservoirs, where
there is a requirement for sand control techniques. One common practice is to use gravel packs.
Unfortunately the gravel pack tends to exacerbate the changes in filter cake behaviour, the.
formation damage level and so the effective permeability, even with clsy-free wellbore fluid,
This is further exacerbated with the drill-so0lid contaminated well-bore fluid where the retum
permeability can be zero up to differential pressures of 400kPa.

Any attempt to remove the drill-solid from the mud with the technique commonly used on the
surface (e.g. sieves, hydrocyclones, centrifuges) would inevitably remove as well at least
partially the bridging solids and so affect not only their concentration but also their particle size
distribution in the mud. The fluid potential for minimal formation damage achieved by the
right bridging solid concentration and especially particle size distribution would therefore be
detrimentally affected.

<GB meroees_|»
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In summary the ukimate productivity of a well can be strongly impacted by the damaging
potential of the well-bore fluid, the detrimental effect of drill-solids to filter cake performance
and the complication of the compatibility of well bore fluid components with the sand control
techniques. This means that there will be in many instances a requirement for stimulation of the
filter cake, where the stimulation process in itself can be ultimately damaging to the
completion or reservoir. Accordingly there is a need for a well-bore fluid that will be non-
damaging to the hydrocarbon formation and the sand control techniques and also not requirt.:
any external stimulation process to allow hydrocarbons to flow.

The use of wellbore fluids for conducting various operations in oil and gas wells which contact
a producing formation are well known. Drill-in fluids are used when initially drilling into
producing formations. Completion fluids can be used when conducting vatious completion
operations in the producing formations. Workover fluids are utilized when conducting remedis!
operations 1o the wellbore and hardware.

One of the most important function of these fluids is to seal off the face of the wellbore 5o that
excessive fluid is not lost to the formation, so reducing the potential for formation damage and
hence ensuring a better reservoir productivity.

Many concepts have been proposed for contacting the producing zone of oil and gas wells.

These fluids generally contain polymeric viscosifiers such as polysaccharides, polymeric fluid
Joss control additives such as lignosulfonates or polysaccharides and bridging solids.

Some provide better fluid loss reducing properties by providing new modifications to the fluid
loss additive (e.g. US4652384, US5851959), by using pore blocking water swellable gel (e.g.
W09702330, US4526240), by replacing the bridging solids (e.g. US5228524, US5504062,
EP0691454, US3878141, US3785438, GB2120302, US3788406, GB570329) or by using a
sealant composition (e.g. EP0899317, US5529123). GB2120302 includes the use of
hydrophobially coated glass particles to improve fluid loss properties. It has also been proposed
to use & well drilling system that generates an easily removeable filter cake or a treatment to
remove the filter cake (c.g. EP0672740, US5783527, WO9805734).

In most of the above mentioned documents, the hydrocarbon recovery process includes a
preliminary filter cake treatment or removal to achieve a better productivity. Some inventions
mentioned include the use of oil wettable, hydrophobic or hydrophobically modified bridging
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solids or components. However their intention is to improve fluid loss properties or create a
new type of gravel pack.
A main object of the present invention is a water based wellbore fluid comprising a fluid loss
additive and a bridging material that are hydrophobic in nature, hydrophobically modified or
oil wettable. Wellbore fluids are referred to as mud, drill fluid, drill-in fluid, completion fluid,
workover fluid or kill fluid.

The concept behind the present invention is to provide a water based drilling fluid system
which generates an active filter cake. Whereby the active filter cake once formed is
impermeable to an aqueous phase, thus reducing fluid loss and ensuring reduced damage to the
formation, yet simultaneously is permeable to the back flow of hydrocarbons during a.

hydrocarbon recovery process.

The permeability of the filter cake to hydrocarbons does not rely on the presence of oil soluble
material as constituent but on the presence of constituents reducing the interfacial tension to
hydrocarbons enabling the creation of paths for hydrocarbons to flow through the filter cake. In
this manner the filter cake will not break or disperse so eliminating potential damage to the
completion from filter cake fragments.

The use of oil soluble-material is one way of designing an active filter cake. However in our
preferred embodiment we use a different principle in which the propestics of the active filter
ukeamachievedwhhmndueyegaﬁonoftheﬁhaukedminsahydrwrbonmw‘
process. This presents the advantage of keeping intact both propesties of the active filter cake.
(permeability to hydrocarbons and impermeability to an aqueous phase).

Nevertheless our preferred embodiment can be combined with the use of oil soluble material,
This presents the advantage of creating paths for hydrocarbons through the cake and improving
the acceasibility of the oil to the oil soluble material inside the filter cake.

The filter cake is preferably compatible with the formation and the completion hardware and
techniques i.c. the permeability of the filter cake to hydrocarbons is not significantly affected
by varying the type of formation or by using different types of completion.

The drilling fluid system of the present invention generates preferably an-active filter cake
without the need of a subsequent external stimulation (chemical or mechanical treatment). The
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cake can be easily removed or stay in the well during & hydrocarbon recovery process. Due to
the presence of new hydrophobic components or hydrophobic modifications brought to
conventional components of well fluids, those fluids generate filter cakes with the hydrophobic
siles organised and structured in such a way that the hydrocarbons can flow easily through the
filter cake during a hydrocarbon recovery process.

The fluid loss additive of the present invention is preferably selected from hydrophobically
modified starch, polyanionic cellulose, carboxymethylcellulose, hydrophobically modified
synthetic polymers e.g. poly-hydroxypropylmethacrylate. Most preferred fluid loss additive is a
polymerised starch or a starch modified by hydroxymethylation, hydsoxypropylation, by other
hydroxyalkylations or by crosslinking reactions using agents such as phosphorous oxychloride,
epichlohydrin, cysnuric chloride, formaldehyde or others.

Examples of hydrophobic bridging materials are known from the British Patent Application
9907017.9 filed on March 27%, 1999 that discloses a wellbore-fluid additive which is a ground
crystalline material of melting point over 80°C, preferably over 10°C which is readily soluble
in produced hydrocarbons such as crude oil and lighter condensates and which exhibits a
molecular weight of less than 1000, and preferably less than 650. Examples of low molecular
weight crystalline additives are 1-S-endo-Borneol, camphor or iodine. Other examples include
beta carotene with a melting point of 184 degrees Celsius and a molecular weight of 537,
lycophene (175;537); cholesterol (150;387), lanosterol (139; 426) and agnosterol (165; 424).

The bridging solid of the present invention may also be constituted of a-hydrophobically coated
substrate selected among The substrate for the hydrophobic coating is selected among
carbonates such as calcium carbonates, zinc carbonates, barium carbonates, coated metal oxide
such as hematite, ilmenite, magnesium oxide or other particles such as barite, silica particles,
clay particles, microspheres.

The hydrophobic coating is achieved by adsorption of substances onto the surface of a particle
or molecule by physisorption or chemical reactions with reactive groups that are present on the
surface of this particle or molecule. Examples for such substances are selected among fatty
oils, fatty acids, fatty esters, carboxylated, sulfonated, sulfated, phosphonated hydrophobic
material, surfactants that would generate a hydrophobic costing, organosilane grafting agents.
Those substances introduce alkylsilyl groups or hydrocarbon groups like alkyl groups,

Imﬂ__miw_,
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especially of long chain onto the surface of the substrate. Coating processes or examples are
" described in W09916834, EP0826414, US5183710, EPO606174.

These and other features of the invention will become appreciated and understood by those
skilled in the art from the detailed description of the following examples.

Preparation and dynamic ageing (Hot rolling) of muds
The well drilling fluids were prepared according to the following procedure.

1. The brine phase including water as base fluid, salts, a biocide and an antifoaming agent was
prepared using an Heidolph paddle mixer.

2. A vortex is created with the paddle mixer to add the polymers (viscosifier, fluid loss
additive...) slowly into the brine phase, ensuring that all polymer has completely dispersed.
Mixing is continued for a further 30 min. The mixer speed is readjusted as necessary.

3. Other powdered additives (carbonstes, clays, magnesium oxide for pH adjustment...) ere
slowly added into the vortex and mixted for a further 15 min.

4. The mixture is transferred to a Silverson LR2 mixer and mixed at 6000 rpm for 5 minutes.

5. The mixture is transferred back to the Heidolph and mixed for a further 10 minutes. The pH
and rheological propertics are measured.

Dynamic ageing was carried out by hot rolling the fluids in cells pressurised at 250 psi with
nitrogen in an oven for 16 hours. After cooling, the muds were homogenised with a Heidolph
paddle mixer for 10 min and the pH and rheological properties were measured. For all
formulations a pH in the range 9-10 was used.

Rheology before (BHR) and after hot rolling (AHR)

The measurements were performed at 120°F (49°C) with a 6 speed Fann rheometer BHR
(before hot rolling) and AHR (after hot rolling). The rheological propesties of the drilling fluids
are described by the plastic viscosity in centipoise PV (based on the reading at 600 rpm and
300rpm) and the yield point in pounds per 100 square feet YP. The gel strengths are evaluated
by the 10 second and 10 minute gel strengths in pounds per 100 square feet.
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HPHT fluid loss

The HPHT spurt loss after 20 sec. and HPHT Fluid-Loss afier 16hrs were obtained during the
formation damage study when forming the filter-cake on a formation core (filtration area 5.06
cm? and Iength 3cm) or aloxite ceramic disc, (filtration area: 23.8 cm” and length 0.6cm).

Formation damage studies

Formation damage is defined as any process that impairs the permeability of reservoir
formations to the extent that hydrocarbon production in wells is reduced. Formation damage
can occur at all stages of well construction, completion, workover or during production.

1. Experimental set-up

The basis of measuring formation damage is the measurement of the permesbility of a core of
formation (or a synthetic ceramic disc simulating the formation) to the flow of kerosene
(simulating the hydrocarbons) before and after a drilling fluid has been filtered through it. The
measurement of the flow nate of kerosene is based on the logging of the flow rate of kerosene
(in mi/s) at equilibrium through a core (or disc) of known diameter and length. From the Darcy
equation below we are able to calculate the permeability of the core (K) in Darcy : K = (Q
DDOL) / (DP . A), where Q is the rate of kerosene flow ml/s, OO is the fluid viscosity of the
kerosene in centiPoise, L is the length of the core or disc (cm), DPO is the pressure drop across
the core or disc (atmospheses), A is the surface area of the core (cm®)

In the described examples, the flow of kerosene was carried out typically at 80°C. The core {or
disc) is mounted a1 one end of a double ended HPHT cell, with the kerosene flowing into the
cell filled with kerosene or the packing simulation saturated with brine above the core (or disc).
The kerosene displaces rapidly the brine phase and overflows through a top valve into the
beaker.

The kerosene is transported under pressure from a cylinder into the reservoir. The kerosene is
then passed vertically upwards through a heating jacket to preheat it prior to entering the cell
" which is also heated. Pressure is regulated for stable kesosene flows through the core (or discs).
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2. Jnitial permeability

The cores of Clashach sandstone (typical initial permeability 700-1200mD) were dry cored
from a solid sample of material and cut with a diamond saw to z standard length of 3.00cm and
diameter 2.54cm. The cores were then placed in a vacuum dessicator, kept under vacuum for 2
hours to remove trapped air from the cores before being tipped into a brine solution typically
potassium chloride (3%) or sodium chloride/ calcium chloride brine (9.5% and 0.5%
respectively) to saturate for 24 hours.

Initial permeabilities were measured with odourless kerosene using the apparatus described
above with the kerosene pre heater and the HTHP jacket preset to typically 80°C. The cell was
allowed to equilibrate prior to runs being made at 10, 6, 4 and 2psi. Kerosene flow rate was
measured by logging the weight of oil deposited into a beaker every 10 seconds. Kerosene flow
was continued until either a minimum of kerosene was flowed through the core or a minimum
of time had elapsed (whichever was the sooner) to ensure equilibrium was reached. The data
file was converted to a spreadsheet and input into the Darcy equation that allowed for the
variables of core length, diameter and kerosene viscosity to be altered.

Analysis of the resultant graph shows that a plateau is reached afier a period of time. By
identifying the point at which this platesu is reached, the average permeability at the
equilibriumn level can be calculated. In addition the standard deviation of this area can be
calculated in order to give a measure of the degree of accuracy of the average.

The aluminium oxide discs with a permeability of 20D to air and porosity of 60 microns
(according to the mamufacturer HILTON Instruments) were tipped into a brine solution
typically potassium chloride (3%) and placed in a vacuum dessicator, kept under vacuum for 2
hours to remove trapped air.

Initidpmubiliﬁuwit!lorwilhmumlpad:werenmnd.'l‘heremhsbeingmore
consistent due to the controlled synthesis of the discs and the well defined grave] packs, the
filker cake was formed. The percentage of return permenbility taken as reference was calculated
using an average initial permeability for runs being made at 4, 3, 2 and 1psi.
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3. Mud-ofl

The mud off stage of the pmcedur.e is carried out statically afier dynamic ageing of the muds. If
present, the kerosene in the cell was replaced by the mud after rinsing with a 3% potassium
chloride brine. The mud was then filtered, through the core (filtration area 5.06 cm? core
length 3 cm) or disc (filtration area 23.8 cm’, width 0.6cm) for 16 hours typically a1 80°C and
500 psi.

Following the mud-off the cell was rinsed out three times with fresh brines to remove the
excess mud. Care was taken in the cleaning process in order not to disturb the filter cake on top
of the core or disc.

4. Return permeability

To simulate standalone completions in consolidated formations (stable holes), the cell was
filled with fresh kerogene and the formation damage cell was reassembled. Retum
permeabilitics were carried out in an identical fashion to those for the initial permeability
measurements. The flow back is carried out at constant differential pressure. The differential
pressure is increased stepwise until flow is initiated. The differential pressure st which the flow
starts is referred in the present invention to the Flow Initiation Pressure (FIP).

To simulate gravel packed wells, a sand pack was used. A sufficient volume of a 3% potassium
chloride brine is placed above the filter cake, the celi is filled by pouring and packing the sand
to fill the cell (up to the top). If necessary more brine is added to allow saturation and tight
packing of the sand. The cell is then reassembled, with the 45-micron mesh size screen
between the gravel-pack and the top lid of the cell.

The following base formulation 1 was mixed according to the general procedure described
above and subsequently dynamically heat aged at 80°C for 16hours. It represents the case of a
standard calcium carbonate reservoir fluid currently available on the masket for most reservoir

drilling applications.

Formulation 1 has a density of 1.17 g/cm’ (9.8 ppg or pounds per gallon) and comprises Brine
NaCl 6.9wt.%, KCl 4w1.% in fresh water; Biocide 0.00057 g/cm’® (0.2ppb (pounds per barrel of
42 gallon); an antifoamer 0.2ppb; Fluid Loss Additive (starch) 0.0142 g/cm’ (5 ppb);
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Viscosifier (scleroglucan) 0.0037 g/cm’ (1.3 ppb); Bridging material (standard calcium
carbonate) 0.1283 g/cm® (45ppb); pH control additive (magnesium oxide) 0.000856 g/cm®
(0.3ppb).

Formulation 2 is identical to formulation! but further contains 0.042786 g/cm® (15ppb) of drill-
solids (clay).

Example 1 illustrates the background for this invention. It shows the adverse effect of clay
added to the standard calcium carbonate formulation on the returm permesbility for a
standalone simulated well. A sandstone Clashach core of initial permeability 750mD is used.
Filtration is carried out for 16 hours at 80°C and differential pressure of 3.447 MPa (500 psi,
pounds per square inch). The following rheological properties AHR at 48.88°C (120F) and
percentage return permeabilities at 80°C after filtration were measured.

Standalone simulated well

Formulation 1 Formulation 2
Rheology: PV/YP 10/20 20/13
Gels: 105710 min. 10/12 4/8
HTHT@B80°C -500 psi 6ml (32mi)* 7.5ml (27ml)*
Retum Permeability 96% 64%
()*for a 60 micron aloxite disc
Example 2

Example 2 illustrates the background for this invention. It shows the effect of clay added to the
standard calcium carbonate formulation on the retumn permeability for a gravel packed
simulated well. The presence of the gravel pack reduces drastically the back flow of
hydrocarbons.

A 60 microns saloxite disc, with a 20/40 (0.425 to 0.85 mm sized sand). sand pack of is used.
Filtration is carried out for 16hours at 80°C and differential pressure of 500 psi.

«GB__I000A__ | >
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20/40 Gravel packed simulated well
Formulation 1 Formulation 2
HTHT@80°C-500 psi 3iml 28ml
Return Permeability 10% 0%

Example 3

Example 3 illustrates the background for this invention. It shows the effect of temperature on

the return permeability for a gravel packed simulated well and formulation 2.

A 60 microns aloxite disc, with & 12/20 sand pack is used. A 12/20 sand is more permeable
than a 20/40 sand (0.425 to 0.85 mm sized sand). Filtration is carried out for 16hours at various
temperatures and differential pressure of 500 psi. The following rheological properties AHR at
the filtration temperature {when lower than 120F) or at 120F (when higher than 120F) and
percentage retum permeabilities after filtration at this temperature were measured.

12/20 gravel pack simulated well / Formulation 2

80°C 40°C 21°C
Rheology: PV/YP 19/16 20119 29/28
Gels: 10s./10 min. M4 24 928
HTHT@80°C-500 psi 27mi 24ml 19mi
Retum Permeability 5% 1% 20%

Example 4

Example 4 shows the effect of a change in the Fluid Loss Additive/Viscosifier ratio in
formulation 2 on the retum permeability for the gravel packed simulated well. A 60 microns
aloxite disc and sand pack 20/40 is used. Filtration is carried out at 80°C and differential

pressure of 500 psi.
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Gravel pack 20/40 gimulated well
Formulation 2 / Formulation 2 /
FLA/Visc. Bppb/1.3ppb FLA/Visc. 7ppb/2ppb
Rheology: PV/YP 29/26 26126
Gels: 10s./10 min. 611 12/19
HTHT@80°F-500 psi 21mi 24ml
Return Permeability 0% 0%

Ezample §

Example 5 shows the effect of a change of the brine phase in formulation 2 on the retum
permeability for the gravel packed simulated well. A 60 microns aloxite disc and sand pack
20/40 of is used. Filtration is casried out at 80"C and differential pressure of 500 psi.

Gravel pack 20/40 simulated well
Formulation 2 / Brine phase:
CaCl, - CaCl; - 35ppb CaCl/KCl CaClL/KCl
10ppb 10ppb/10ppb 35ppb/10ppb
Rheology: PV/YP |° 8/ 8/47 1528 22/28
Gels: 10s./10 min. 18721 17720 1320 12/19 ‘
HTHI@80°C-500 27ml 26ml 3lml 24ml
psi
Retum Permesbility 0% 0% 0% %
Example 6

Example 6 shows the effect of a change of type of viscosifier in formulation 1 and 2 on the
return permeability for the gravel packed simulated well. A 60 microns aloxite disc and sand
pack 20/40 of is used. Filtration is carried out at B0°C and differential pressure of 500 psi.
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Gravel pack 20/40 simulated wel}
Formulation 1/ Viscosifier: Formulation 2 / Viscosifier:
xanthan {.3ppb xanthan 1.3ppb
Rheology: PV/YP 11/21 13121
Gels: 10s5./10 min. 5/6 9/10
HTHT@80°C -500 psi 34ml 27ml
Retumn Permeability 7% ) 0%

Example 7

The following base formulation 3 was mixed according to the general procedure described
above and subsequently dynamically heat aged at 80°C for 16 hours,

Formulation 3 has a density of 9.8ppg (pounds per gallon) and comprises: Brine NaCl 6.9wt.%,
KC! 4wt.% in fresh water; Biocide 0.2ppb (pounds per barmrel); an antifoamer 0.2ppb; Fluid
Loss Additive (starch) Sppb; Viscosifier (scleroglucan) 2ppb; Bridging material
(hydrophobically coated calcium carbonate / standard calcium carbonate 18ppb / 27ppb)
45ppb; Drilling solids (clay) 15ppb; pH control additive (magnesium oxide) 0.3ppb.

Example 7 shows the effect of using as bridging solids a blend of hydrophobically coated and
standard non-coated calcium carbonate on the return permeability for the gravel packed
simulated well. A 60 microns aloxite disc and sand pack 20/40 is used. Filtration is carried out
at 80°C and differential pressure of 500 psi.

Gravel pack 20/40 simulated well
Fonmulation 3
Rbeology: PV/YP 24/25
Gels: 10s./10 min. 8127
HTHT@ 80°C -500 psi 26
Return Permeability 0%
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Ezample 8

. The following base formulation 4 was mixed according to the general procedure described
above and subsequently dynamically heat aged at 80°C for 16 hours.

Formulation 4 has a density of 9.8 ppg (pounds per gallon) and comprises: Brine NaCl
6.9wt.%, KCI 4wt.% in fresh water; Biocide 0.2ppb (pounds per barrel); an antifoamer 0.2ppb;
Fluid Loss Additive (hydrophobically modified starch) 8 ppb; Viscosifier (scleroglucan) 2 ppb;
Bridging material (standard calcium carbonate) 45ppb; Drilling solids (clay) 15ppb; pH control
additive (magnesium oxide) 0.3ppb.

Example 8 shows the effect of using as Fluid Loss Additive a hydrophobically modified slm:h.
on the return permeability for the gravel packed simulated well. A 60 microns aloxite disc and
sand pack 20/40 of is used. Filtration is carried out st 80°C and differential pressure of 500 psi.

Gravel pack 20/40 simulated well |
Formulation 4
Rheology: PV/YP 19/16
Gels: 10s./10 min. 59
HTHT@80°C -500 psi: 2]lml
Return Permeability 0%

®
Example 9

The following base formulation 5 and 6 were mixed according to the general procedure
described above and subsequently dynamically heat aged at 80°C for 16 hours. The
formulation includes the combination of a coated calcium carbonate and a hydrophobically
modified starch and drilling solids (clay).

Formulation S has a density of 9.8 ppg (pounds per gallon) and comprises: Brine NaCl
6.9wt.3%, KCl1 4wt.% in fresh water; Biocide 0.2ppb (pounds per barrel); an antifoamer 0.2ppb;

Fluid Loss Additive (hydrophobically modified starch) 8 ppb; Viscosifier (scleroglucan) 2 ppb;
Bridging material (hydrophobically costed calcium carbonate / standard calcium carbonate)
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18ppb / 27ppb) 45ppb; Drilling solids (clay) 15ppb; pH control additive (magnesium oxide)
0.3ppb.

Formulation 6 is the same as formulation 5 except that the bridging agent comprises 27ppb of
hydrophobically coated calcium carbonate and 18ppb of standard calcium carbonate.

Example 9 shows the beneficial effect of the coated calcium carbonate and hydrophobically
modified starch on the retum permesbility in formulation 5 for the gravel packed simulated
well. A 60 microns aloxite disc and sand pack 20/40 are used. Filtration is catried out at 80°C
and differential pressure of 500 psi.

The following rheological properties AHR at [20F and percentage return permeabilities at
80°C after filtration were measured.

Gravel pack 20/40 simulated well
Formulation 5 Formulation 6
Rheology: PV/YP 20/20 21722
Gels: 10s./10 min. S/18 6/12
HTHT@80°C-500 psi 20ml 24m}
Return Permenbility 33% 15%

Formulation 6 shows the effect of a change in ratio for the bridging solids in formulation 3 on
the retum permeability for the gravel packed simulated well.

Example 10

Example 10 exemplifies the present invention. It shows a minimal effect of a change in the
brine phase in formulation 5 on the return permeability for the gravel packed simulated well. A
60 microns aloxite disc'and sand pack 20/40 are used. Filtration is carried out at 80°C and

differential pressure of 500 psi. o
Gravel pack 20740 simulated well
Formulation 5/ Brine phase : Formulation 5 / Brine phase :
CaCl2 10wt % CaCl2 2.9wt.%. KCI 2.9w1.%
Rheology: PV/YP 26/36 28/23
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Gels: 10s./10 min, 8/10 /18
HTHT@S80C"-500 psi 19ml 22ml
Retumn Permeability 22% 2%
Exzample 11

Example 11 exemplifies the present invention. It shows the effect of an addition of a lubricant
into formulation 5 on the retum permesability for the gravel packed simulated well. A 60.
microns aloxite disc and sand pack 20/40 are used. Filtration is carried out at 80°C and

differential pressure of 500 psi.
Gravel pack 20/40 simulated well
Formulation 5 + 3%v/v lubricant
Rheology: PV/YP 24/22
Gels: 105./10 min. 6/12
HTHT@80°C-500 psi l14ml
Return Permeability IT%

The flow initiation pressures (FIP) measured for the examples of the present invention wu"
below 30 psi and in most cases below 10psi. The channels of hydrocarbons through the filter
cakes were demonstrated by the presence of isolsted spots in the middle of the filter cake afier

flowing back a kerosene dyed with iodine or 8 commercially available UV-visible dye.

Simultaneously to the increased permeability of the active filter cake to hydrocarbons, it can be
seen by comparing examples 1-8 for conventional drilling fluids with examples 9-11 for
drilling fluids of the present invention that the generated active filter cake is able to ensure a
smaller damage to the formation, by reducing fluid loss and particulste invasion. Indeed the
measured fluid losses in examples 9-11 are significantly lower than in examples 1-3. No

turbidity indicative for the loss of solid particles is observed in the filtrate.
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Example 4 shows that higher Fluid Loss Additive concentrations in a standard calcium
carbonate drilling fluid reduces the fluid loss but does not improve the retum permeability
permeability of a simulated gravel packed well. Example 5 and & show that changing the brine
phase or the type of viscosifier in a standard calcium carbonate drilling fiuid has no effect on
the retum permeability of a simulated gravel packed well,

The disclosed drilling fluid sysiem fulfils the usual functions of a conventional drilling fluid.
The rheological properties of the drlling fluids of the present invention are perfectly

acceptable.

Examples 9-11 describe the performance of the present invention in u.nfavourable scenarios in
which the well is gravel packed and the drilling fluid contaminated by a substantial amount of
drill-solids {(clay). Example 9 illustrates the present invention with the combination of a
hydrophobically coated calcium carbonate and a hydrophobically modified starch. The coated
calcium carbonate is used in & blend with non coated calcium carbonate, The example shows
the effect of a different ratio between coated and non-coated calcium carbonste on the retum
permeability. The performance of the drilling system in generating an active filter cake is not
improved in this example by an increased amount of coated material. When using a blend of
calcium carbonates, the success relies also on the choice of the right particle size distributions
of both coated and noh-costed components. A change of the ratio coated/non-coated calcium
carbonate also affects in this example the overall particle size distribution.

Exampie 7 illustrates that the use of an oil wettable bridging matesial alone is not enough for
getting return permeability. On the other hand example 8 illustrates that the use of a
hydrophobically modified starch alone is not enough either for getting retumn permeabilty. The
combination _ol‘ both a modified starch and modified calcium carbonate is therefore a
requirement to observe return permeability.

Example 10 demonstrates the performance of the presemt invention in combination with
different brine phases.

In example 11, the performance of the active filter cake is enhanced by adding 3%v/v of a
lubricant to a formulation of the present invention. The lubricant as a source of hydrophobic

sites and because of its emulsifying properties lowering the yield strength of the filter. cake
contributes to the performance of the active filter cake.
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Claims

. A water based wellbore fluid comprising a fluid loss additive and a bridging material that
are hydrophobic in nature, hydrophobically modified or oil wettable.

. A fluid according to claim 1, wherein said fluid loss additive is selected from
hydrophobically modified starch, polyanionic cellulose, carboxymethylcellulose,
hydrophobically modified synthetic polymers e.g. poly-hydroxypropylmethacrylate.

. A fluid according to claim 2 wherein said starch is a polymerised starch or a starch
modified by hydroxymethylation, hydroxypropylation, by other hydroxyalkylations or by
crosslinking reactions using agents such as phosphorous oxychloride, eplchlohydnn
cyamuric chloride, formaldehyde or o!her:.

. A fluid according to claim 1, wherein said bridging solid is selected from hydrophobically
modified inorganic salts, hydrophobic or hydrophobically modified inorganic or organic
material.

. A fluid according to claim 4, wherein said inorganic salts or inorganic material are selected
among hydrophobically costed calcium carbonates, zinc carbonates, barium carbonates,
hematite, ilmenite, magnesium oxide, barite, silica particles, clay particles, microspheres.

. A fluid according to claim 5, wherein the hydrophobic coating is selected from faity oils,

fatty acid, fatty esters, carboxylated hydrophobic material or any surfactants that woulll)
generate a hydrophobic coating.

. A fluid according 10 claim 1 wherein the bridging agent is a ground crystalline material of
melting point over 80°C, preferably over 10°C which is readily soluble in produced
hydrocarbons such as crude il and lighter condensates and which exhibits a molecular
weight of less than 1000, and preferably less than 650.

. A fluid sccording to claim 7, wherein said bridging agent is selected from 1-S-endo-
Borneol, camphor, beta carotens, lycophene, cholesterol, lanosterol, agnosterol.

. Use of the wellbore fluid according to any of claims 1 to 8 as a drilling fluids.
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1

DRILLING FLUID SYSTEMS WITH
IMPROVED FLUID LOSS PROPERTIEN

Thix application claims benclit of Provisional Appin, No.
PVHTTART fikd Now. 6, [998.

FELD OF TIIE INVENTION

“The: prownt iovention relates o brine hascd drilling Muid
system wilh improved Huid hes conir] propertics at high
fempentures provided by catiunie polymers,

BACKGROUND OF ‘NHE INVENTION

Filiation contrul & one of the mosl impurtant properics
of a drilling Nuid, panicvlarly when drillimg through per-
mesble farmations where the hydrostatic prossure exceeds
the furmation pressure. It & important for a drilling fluid W
yuickly form a fHlter calo: which effectively minimizes Huil
Joss, bul which also & Ihin and dispersible coough to alkew
preduct (o lfow in the wellhore during production.

Filintion cuniral additives for brines lypically arc nom-
ionic walker soluhle polymers, such as starcbes, derivaltiacd
starches. gums, derivatized gums, and collulosics. “Thoere
polymuns have centain advantapes. bul aufler from the dis-
atvantage that they have a relatively low hydnlion naike in
brinex—panicularly in high densily brines, where very lifile
waler actually is available to bydraic and swell the polymers.

Anoiher disedvapiage of nonionic water-soluble podymens
i% that lhey have limiled temperature stahility. Ax wells arc
drilled deeper, higher hollombole tempt are encountercd.
Today s drilling fluids need fo maintain sisble rheolopy and
kow filtration at lemperstures shove 300° F. Unfortunaiely,
tbe noninoic waler soluble polymers currcally in use are nol
, stable at exceading ahout 225° F, with extended aging limes.

Filiration conirol additives arc needed which will quickly
fewm & thin, dispersible filter cake, and which also bave high
temperatore suabilily for prolonged period of lime.,

SUMMARY OF THE INVENTION

The prescnt invention provides a drilling fvid sysicm
comprising 8 brinc comprising a quantity of cationic copoly-
mer comprising a ratio of acrylamide monomors to cationic
derivatives of acrylamide monomers, wherein the quantity
and ibe nalio are ellective 10 maintain eliective rtheology aod
Duid lors contro) in the drilling flnid system al icmperatures
of at least about 250" I, for at east abowt 16 howrs,

DETAILED DESCRIPFTION OF THE
INVENTION

The present imvention provides a drilling fluid system,
prefcnably for usc a5 a drill-in or completion fluid, which
quickly forms a lhm.dupmnbh filter cake and which is
stable for prolonged periods of lm al bigh temperatures.

The drilling fluid system e brine,
preferably a “high densily brine”™ {defined below), a
viscoaifier, a bridging apent, a pH stabilizer, and one or more
fuid loss control additive(s). A preferred fluid loss control
additive compriscs cationic copolymers.

The cativmic copolymers of the present invention may be
used as an additive in substantially any aqueous brine
drilling fluid sysiem. However, not all lypes of drilliog fluid
sysiems cacvunier extremely high temperaiures. Because of
this, a prefared use foc the dilling fluid sysiern of the
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prescot invention is as a drill-in or completion Guid—Buids &

which art mors likely 10 be exposed 10 bigher downhole
lempenatures for prolonged periods of time.
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Preferred drill-in and comphetion luids anc brinex having
a density of al cad shout ¥ Ih/gal, most preferably ~high
density brines” defined hercin o mean brimes having a
density of at keast about 12-17 Thigal. ‘Ihe brines may
cunlain substantially any suitoble salix, including. but nol
necessarily lifted 1o salis based on metals. such ax cakrivm,
magnesivm. slivm, polassivm, cesium, #ine, aluminem.
and lithium, Selix of calcium and zine are prefesrcd, The
salis may cuntain substantially any anions. with prefemed
anions heing hess expensive anions including. but no mee-
vssarily limited o chlorides, bromides, formates, acelaics.
and nilrales. Moal preferred salis are calcium bromide and
zinc bromide.

For purposes of the present ioventiog, the lerm “cationic
copolymens™ is defined to refer 10 cationic eopolymers
which provide effective rheolopy and filiration contnal st
temperaiures greater than about 250° E. preferably shout
UN* 1, masd preferably wbout 325° F., Jur about 16 hours,
preferably for aboul 48 howurs or more. Tior purposex of the
present application, cliective ricolopy s defined © mean
structure which i sullicicnl lo suspend briclging agents but
ol excosivo so sk 10 cause high equivalent circulsting
densitivs. Effective liliration control is defined 1o mean
control which provides a low [iltralion e with a ihin,
dispensable filier cake,

Preferred catione copolymr include, bul are ol nocessar-
ily limitd 10 copolymers comprising, snd preferably cvn-
st esscntially of monomers of acrylamitle and moon-
mers of a calionic derivetive of scrylamide. Preferred
cationic derivatives of acrylamide for usc in such copoly-
mers are qualernary solts of N N-dialkylaminoscrylamide
wherein the size of the alkyl groups is limited by solubility
(o about S, preferably sbout 4, most preferably aboul 1-3
carbon aloms. A prelemed cationic quaternery salt is qua-
lecnary methyl N N-dimethylaminoethylmethacrylamide.
‘The copalymers prefurably comprise a ratio of from sboul
3:1 to ahwit 1:1 of'the calionic monomey.

Cationic copolymers suitahk for use in the present inven-
thon are commercially available from Frilz Industries, Inc.,
Dallas, Tex, under the pame EXP-8 EMULSION POLY-
MER. iIn order 10 achieve be desired rheologicel amd
filtration control, the lvid should contain from sbout 1 kvbbl
{0 sbout 10 th/bbl of a 35% uctive solutian of the cetionic
copolymer in a suilable carrier, such a% oil, which ranslates
io abont 0135 to about 3.5 Th/hbl active vatinoic copolymer.

The cationic copolymens can be used alone or used in
conjunction with a different type of fluid loss additive,
preferably a 2-amino-2-melhyl propape sulfonic acid
(AMPS) additive, such as KEM SBEAL PLUSH®, available
from Baker Hughes INTEQ. Where a combination of cal-
jonic copolymer and another fluid loss addilive in used, the
ratio of cationic copolymer io the olber fluid loss additive
preferably is about 2:1 1o sbout 1:2, mos! preferably abont

H |

The systcm preferably includes bridging apenis 1o hridge
the pores in the formation. Suilable bridging sgenis include,
bnst are not necessarily limited 1o groond marble or cakciom
carhonaic parlicles, such ax MIL-CARR®, available from
Baker Hughes INTEQ. Preferred calcium carbouste par-
ticles have 8 mecan particle size of aboul 30 microns.
Calcium carbooate has the advantage that it is acid soluble,
and therefore can o removed from t(he formation by acid
flushing. If calcium carhonate is used as the bridging apent,
about 5(} pramds should be used per barrel of brine.

The sysicm also preferably includes » viecosifler, such as
SALT WATER GLL®, available from Bsker-Hughes
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INTEQ. Howston, Tex. A preferrcd viseosilier is EXP-77, a
cellulosic biend, also availabke from Baker Hughes INTLEQ.

Finally. the kyslem includvs u suitable material for mljusi-
ing the plf of 1he system 1o from about 9 1o sbo 100
Suitabhle matcrials include. but are nol necossarily limited (o
hydroux oxides of divalent catikms. A preferred material is
MpO.

A preferred hasic furmulation for a drilling Moid system
accunding 1o the present invention i= given in the [ollowing,
table:

5

Component/Froduct Qunntity <
12
Brine 112-17 Ihfgul demily) M1 pal
EXI-77 5=15 lvhhl
MIL-CARB & 50 Il
MO AS Ihbh
Calimic Copntymer (357 adtive) 1-10 Ihabl
KEM SEAL FLUS 0 14 Thibh! i
‘The invention will be more clearly undersiond with
reference to the following cxamples, which are illusirative
only und should not be construed as limitiog the present
invention -
EXAMPLE I
"Tests were conducied to determine fluid propertics of iwo
Muitks baving the fullewing cumposilions: n
— CONCTNTRATION (g}
=
COMPONENT Fluid 3 Fluid 2
CaC1/Calr Prine (105 ol density) s108 508
EXP-T? 10 10
MIL-CARD & 50 L]
MgO k] 3
Cationic Copolymer (5% active) 57 57 ol
KI'M SEAL PLUS® - 2

ln order 1o prepare the fluids, the brine was placed in &
1000 ml. beaker and a Silversnn 14ART Mixer shafl with s
small hole skeeve was ingerted. The speed of the mixer was
adjusied to 7000 rpm. The EXP-77 was added 1o the brine
and 1be Auid was mixed for 5 minuies. The MIL-CARB®
and MpO were added, and mixing was continued for 5
mimiies al 5000 rpm The cationic copolymer then was
added, and the resulting fluid was mixed at 5000 rpm for
anolher 5 minutcs. Rheclogy lesis were run immediately.

0

The Auids exhibited the following propertics:
58
Jrovenics
Flpid 1 Fluid 2
Alter ARer Hot 0
Fann 35 ¢n Hot Rolling Raolling
1nr K Initial 16 by @ 325° K Initial 16 br @ 32PF
Fanp 501 rpm 155 uz 148 114
Faan 300 rpm a1s 64 L 63
Faan 200 rpm 625 445 @ 48
Fann 100 rpm 35 MS 35 »n L
Faan § rpmn 35 10 3 10.5

S4XEITE_| >
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-comntinued
Properin
' Fluid | Fluid 2

ARt Aler |t
FFann 38 e 1ha Rulling Ralling
12 K Imitid D6 b g A25° 10 nitinl  Je b ge A28 W
Fana X 1ipmn s L4 hA ] L
Pl LI07 disp.) e u .1 u4
AP Fluid | oas, nn on
ml.
ITIEHIT Fluxl FLT] 1.0
Loms, ml. x 2*

325" K., SN el 0.5 by, paper dine

Fluid loss values measured fur both of the forepuing fluids
were less than the values typically achicvahls using biopoly-
mers. Because the luid containing KEM-SEAL PLUS®
achivwved a fluid loss of only 10.0 ml., it waz concluded that
a preferred system is 2 combination of the: cationic cupuly-
mer and KEMSEAL PLUS®.

EXAMPLE !l

Terts were conducicd on o fluid having the following
composilion 1o delermine fluil properiies:

COMPONENT CONCENTRATION (p)
CoC1/Cabr; Brine (135 Ihtgal density) 08

EXP-T? 10

Ml -CARB B 0

Mg0 a

Cationic Copalymer (5% active) 57

KEM SEAL FLUS @ 2

The Auid exhibited the following properties:

fronciies
Famn 35 @ After Hol Relling  Afier Hot Rolling 43 km
1INFE Initial 16 bm @ S* R [y ]
Fasn 600 rpm 148 114 o8
Fano 300 rpmn 815 [ L] 2
Faop 20 rpm 60 8 7
Fann 100 rpm ALs n n
Faxn & rpm X 105 105
Fauxn 3 rpm 23 [ L 2
pH (107 disp.) 94 89
AM Fluld Loss, 0.0
ml
HTHP Fluid 100 1448
Loms, ml x 2*
*325* ., 500 pai, A5 br, puper disc

The combination of cationic copolymers with KEM
SEAL PLUS® was lesied after hot rolling for 16 hours, and
after hot rolling for 48 bours, A 10.0 mL flvid loss was
obtained at 16 hours, increasing lo 14.8 ml. after 48 hours.
Both fuid loss values are belier than those achicvable using
bivpolymers as filiration control additives under similar
conditions.

Many modifications and variations may be made 1o the
emboidiments described herein without departing from the
spirit of the presenl invention. The embodiments descriyed
bertin are illustrative only should oot be consirved as
limiting the scope of the presenl inveation.
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We claim:

1. A drilling fluid system compriving:

a brime comprixing an amount of at kast one bridging
apent and a guantity of cationic copolymer vcomprising
a fird natio of serylamide manamers ko colionivc deriva-
tivess of avrylamide monomers comprising yuatermary
xalis of N.N-ialkvlamincacrylamide.

whercin kaid quantity of said cationic pulymer and xaid
amouni of said bridping apent are ellieetive 10 form a
filler cake which prwides clfective filiration coniml
and rheulogy in said drilling Nuid sysicm al tempera-
turcs of af keast about 25 I for a1 keast about 16 hours.

2. A drilling, Auid xysicm comprising:

u brink comprising a viscosifier, o density of about 9 F/gal
or greater, an amount of at keast one hrilging agent, amd
aquantity of cationic copolymer compriking a first ratie
of surylamide monomers W cationic derivatives of
acrylamicke monomers comprising qualernary salts of
N.N-dialkylaminaacrylamice:

wherein said quantily of said cationic polymer and said
amaunt of said bridging ageal are offcctive (o form a
lilter cale which provides effcctive filration contyol
and sheolopy i said drilling Buid sysico al tempena-
tures of af least about 25(° , for at least shovt 16 hours.

3. A dhilling flui] sysiem comprising a briov comprixing

an smount of st least one bridging agent and about D3S 10
aboul 3.5 Ih/bhl of active cationic copolymwr comprising a
firsd ratio of acrylamide monomers (0 cationic derivalives of
said acrylamide monomers of from about 3:1 to about 1:1,
wherein said cationic desivatives of said acrylamide mono-
mers comprise quatcroary salts of N.N-
dialkylaminoecrylamide.

4. A drilling tiuid rysiem comprising a brine comprising

a vimm'ﬁer, a density of shout 9 Ihigal or grealer, an amount
of at least onc bridging agenl, and a quantity of calionic

cupolmrmmng a firl natio of acrylamide monomers

to cationie derivatives of acrylamide monomers

qualernary salis of N N-dulltyhmnolcryllmdn

8. A drilling Auid sysiem comprising:

a brine comprisiog an emount of al least one hndgm;
agent and a quantity of cationic copalymer comprising
a firt ratio of sarylamide mopomers o cationic duriva-
tives of acrylamide mooomerns comprising queiernary
alky! salts of N,N-dialkylsminoalkyimethacrylamide;

whentin sid quantily of said cationic polymer and said
amonni of said bridging ageni are effective lo fonm &
filter cake which provides cifective filtralion comrol
and rhevdogy in said drilling Buid sysiem at fempers-
tures of at least sbout 250° F. for at least eboul 16 bours.

6. A drilling fluid system comprising:

a brine comprising a viscosifier, a density of sbout 9 lh/gal
or grealer, an amount of al least one bridging ageni, and
1 quantity of caliomic copolymer comprising a first ralio
of scrylamide monomers to catiomic derivatives of
scrylamide monomess comprising quaternary alkyl
sz of N,N-dialkylamincalkylmethacrylamide;

wherein suid qoanlity of said cationic polymer and said
amount of said bridging apent are effective to form a
fiher cake which provides effective Aliration coutrol
and rheology in said drilling fluid sysiem al lempera-
tures of at least sboul 250" F. for at least about 16 bours.

7. A drilling fiuid symem comprising & beine comprising

an smoupt of at least one bridging agent and aboat 035 o
about 3.5 Ibvhbl of active cationic copolymer comprising »
fird ralio of acrylamide monomers 1o cationic derivatives of
said acvylamide monomers of from sbout 3:1 1o about 1:1,

SAREXTB1_|_>

1"
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wherein said cationic derivalives of said scrylamide monn-
mers comprise yuaternary alkyl salis of N,N-dislkylumiou
alkylmeihacrylamick:,

8. 'he drilling Muid system of claim 3 whercin said
quariernary salls comprisc qualemary alkyl zalis of N,N-
diatkylaminoalkyimethacrylamide.

9. A drilling Nuid system comprising:

2 brine comprising an amounl of a1 kasl one hrulym,

apent and a quanlity of calkmic cnpulymsr comprisimg
a lirdd ratio of acrylamide monomens W cationic deriva-
tives of acrylamitle monomers comprising quaternary
methyl N.N-dimethylaminocthylmethacrylamide:
wherein said quantily of said cationic polymer amx! said
amount of said bridging spent are clleetive 0 farm a
Rlicr cake which provides effective filiration contril
and rhenlogy in said drilling Ruid system at tempera-
turcs of at leadt about 250° 1 for al keast about 16 hours.

10, A drilling Buid rystem compriking:

a hrin: comprising a viscosilicr, and a density of about 9
Bb/gal or groater, and an amount of 3t leaw one hrldgmg
apent and a quantity of cationic copalymer cmprising
a fird ratio of acrylamide monome s W cationic deriva-
tives of acrylamide monomers comprising qualumary
methyl N .N-dimethylaminoethylmeibacyylamide;

wherein said quantity of said catkmic polymer and said
amonnl of said bridging apent are effective 10 form a
filler cake which provides effoctive fltration contml
and rbeolugy in said drilling fluil system al tempen-
tures of ol Jeast shout 250° E for st least about 16 hours.

11. The drilling flvid system of claim 5 whercin said
quaicroary salls comprise qualernary methyl N,N-
dimethylaminocthylmeihacrylamide.

12, A drilling fuid sysiem comprising a brine comprising
an amounl of a1 least one bridging apunt snd sbout (1.35 10
ahoul 3.5 /bl of active cationic copolymer comprising a
first ralio of acrylamide monomers o qualeroary methyl
N N-dimethylaminoethylmetbacrylamide movomers of
from about X1 o about 1:1.

13. The drilling Buid sysiom of claim I whercio said first
aatio is from about 3:1 10 aboui 1:1.

14. The drilling fiuid sysiem of claim 2 wherein said first
ntio is from shout 3:1 1o about 1:1.

18, The drilling fluid system of claim 4 wherein said first
ntio is from shoul 3:1 1o about 1:1.

16. The drilling Duid system of claim 1 wherein

said brine comprises a density of aboul 90) Ih/gal or
grealer; and,

said brine further comprises a fluid loss control additive
comprising 2-amino-2-methyl propane sulfonic scid.

17. The drilling fuid sysiem of claim 16 wherein said
cationic polymer and said fluid Joss conirol additive are
present in said drilling fiuid system at a second ratio of from
about 21 to sbout 1:2.

18. The drilling fivid system of clsim 16 wherein said
ulnmcpolymumdmdlludh-muulnddlmm
prescol in said drifliog fluid system at a second ratio of sbout
1:1.

19. The drilling funid sysiem of claim 12 whercin

said brioc comprises a density of about 9.0 lbvgal or
grealer; and,

said brine forther comprises a fluid lors contral adkditive
comprising 2-amino-2-melhyl propane sulfonic ecid.

20. The drilling fluid sysiom of claim 19 wheroin said
cationic polymer and said fluid loss control additive are
present in said drilling Auid systcm af 8 second ralio of from
about 2:1 to about 1:2.
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21. ‘The drilling Muid syslem of claim 19 wherein xaid
cationic polymer amd xaid fuid has control additive are
present in said drilling fluid syxicm al o seoond ratio of ahout
1l

22. 1w drilling Nuid sydem of claim 12 whercin said
brine has a density of at Jeast about 9 Thygal.

23, The drilling Jlwid systcm of claim 1 wherein sail brine
ban a density of tronr aboul 12 10 about 17 [hipal,

24. T drilling Muid system ol claim 2 whrein zaikd brine
bas & density of Irom about 12 10 abowt 17 Th/gal.

25. 'The drilling luid system of claim 12 whercin said
hrinc has a density of lrom about 12 10 aboul 17 Ihjgal.

26. A method comprising adding 1o a drilling Muid sysem
amnprising a brine and an amount of at least one bridging
apenl, a quantity of gationic copulymens’comprising a fiest
ratioy of acrylamide monomers o cationie dervatives of
avrvlamide mopomens comprising gquatemary salts of N.N-
dislkylaminoacrylamide. whurcin xaid quantity of said cal-
jonic polymer and said amoun of said bridging agent are

cllective o form a filler cake which provides clleclive a

filtration cvontrol and maintains cffective rheology in saicd
drilling fuid system al wemperatuncs of at least about 250° F,
for at least aboul 16 howrs.

27. The methodl of claim 26 wherein said drilling flwid
Kysicm comprises

a visensifier; and

a density of shout 9 Ibfgal or preater.

28. A mcthad For treating a drilling fluid system comprin-
ing a brine 10 control fluid loks propertice commprising adding
10 said drilling Muid system about V.35 lo shout 3.5 Ih/bbl of
agive calionic copolymer comprising gualernary salis of
N N-dialkylamintacrylamile and comprising a first ratio of
acrylamick: momomers to cationic derivatives of sid acry-
lamide monomers of from about 3:1 to about 1:1 and an
amount of ai lcast one bridging apent. said first ratio of
maonomers (o ctionic derivalives and said amount ol said
bridging agent heing cifective (o form a filler cake.

29_ A method comprising adding Lo a drilling fuid system
comprising a brine and an amount of at Jeast one bridging
agenl, & quantity of calionic copolymers comprising a first
ratin of acrylamide monomers to calionic derivatives of
acrylamide monomem, wherein said quantity of said cat-
jonic polymer and said amount of said bridging agent arc
effective 10 form a filler cake which provides eflcctive
filiration control and maintains eflective rbeology in said
drilling fluid sysiem a1 femperatores of at Jeast shoul 250° .
for ot least about 16 bours, wherein saikl quaternary salis
comprise quaternary alkyl salis of N,N-
distkylaminoalkylmcthacrylamide.

30. The methex! of claim 27 whereio said quartemary salts
comprise quaternary alkyl salis of N,N-
dialkylaminoalkylmeibacrylamide.

31. The methad of claim 28 wherein said quariemary salis
comprise qualernary alkyl sulis of N,N-
diskylaminoalkylmethacrylamide.

X2. A method for treating a drilling fluid sysiem compris-
ing a brinc and an amount of at least one bridging agent to
conirol fluid loss propertics comprising sdding to said
drilling fluid systcm from about 035 to about 3.5 Ib/bbl of
cationic copolymer comprising a first ratio of acrylamide
monomers 1o quatcrnary methyl N,N-
dimcthylsminocibylmethacrylamide monomers of from
about 3:1 1o shout 1:1, said fir mtio of acrylamide mono-
mers to guaternary meibyl N,N-
dimelbylaminocthylmetbacrylamide mopomers and said
intepral amouni of solid particles being effective to form »
filier cake.
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33 Tt mettad of claim 26 wherein

suil hlriru: comprixes a densily of about 9 thigalor preater:

and,

saitl method furiher comprisas achding to said drifling Nuid

sysiem a portion of a luid hex contrul xdditive com-
prising 2-amino-2-methyl propane sulfenic acid which
s effective o redoce Ruicd ks in said drilling Nuid
system o aie amonn! kess than fluid loss achicwvad using
waicl cativnic copelymr, alone.

3. ‘The method of claim 33 wherein said quantity oof said
cativnic copulymer is al a secund ratio of from abon 2:1 10
abuut 1:2 to saidd amownt of said flvid loss control additive.

35. The method ol claim 33 wherein said guantiy of said
calionic copolymer is at a sceond ratio of about 1:] 1o said
amuunl of said fluid loss control additive.

36. ‘e meimd of claim 32 whene

said brine eomprises a density of about 9 Ib/Agal or greater;

and,

raid muihad further comprbas adding to said drilling Ruid

sysiem a portion of a fluid loss coatrol additive com-
prixing 2-aminc-2-methyl propane sulfonic acid which
i effective to reduce Muid loss in said drilling Auid
system 1 un amount less than fluid Inss achicved using
said cationic copulymer. alone.

37. The method of claim 36 wherein said quantity of said
cationic copolymer ix al a second ratio of from ahout 2:1 1o
about 1:2 10 sxid amount of seid flvid Inss conirol additive.

3R. The method of claim 36 wherein said quantity of said
cationic copolymer is al 8 scoomd ratio of about 1:1 10 said
amount of xaid Avid kss control addstive. .

39, The method of claim 32 wherein said brine has a
densily of al least about 9 Ih/gal.

40. The method of claim 32 wherin said brine hes a
density of from aboul 12 1o about 17 Th/gal.

41. A drilling fuid sysiem comprising & brine comprising
an amount aof st lcast one bridging agent and about (1.35 1o
ahoul 3.5 Ib/bb] of active catiopic copolymer comprising a
first ratio of scrylamide monomers Io calionic derivatives of
said scrylamide monomers of from aboul 3:1 10 abow 1:1,
whervin said cationic derivatives of said acrylamide nwono-
mers comprise qusiernary salts of N,N-
diakkylaminosacrylamide, wherein said quantily of said cul-
ionic polymer and said amount of said bridging ageot are
effective 1o form a filler cake which provides effective
filtration control.

42. The method of claim 27 wherein said first matio is from
about 3:1 1o about 1:1.

43, The method of claim 26 wherein s2id firs! ratio is from
sbout 3:1 10 about 1:1.

4. The method of claim 29 wherein said first ratia is from
about 3:1 o about J:1.

45. The metbod of claim 30 wherein said first ratio is from
about 3:1 w0 about 1:1,

46. The method of claim 33 wherein said first ratio is from
sbout 3:1 1o about 1:1.

47. The method of claim 3.4 whersin said first ratio is from
about 3:1 10 about 1:1.

48. The melbod of clz2im 35 whercin said first ratio is from
about X1 to sboul 1:1,

49. The method of claim 36 wherein said firs{ ratio is from
about 3:1 1o about 1:1.

50. The method of claim 37 wherein said first ratio ix from
about 3] to about 1:1.

51.The method of claim 38 whercin said first ratio is from
about 3:1 w abowt 1:1.

52 ‘The method of claim 28 wherein said drilling fvid
sysiem comprines 3 densily of aboul 9 lb/gal or greater.

Wb
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5. The method of claim 31 wherein said drilling Muid
sysiem comprises o density of ahout Y Thipal or preater.

54 The mothesd of cloim 32 whuercin said drilling Buid
aystem comprises a density of uhout 9 Thigal or preater.

55, The methad of claim 42 wherein xaid drilling fluid
gysfom compriges a density of ahout 9 Ihjpal or greater.

56, The methexd of claim &3 whercin said drilling Aeid
system comprises a density of ahout Y Ihjpal or preater.

57. he metbod of claim 46 whercin sail drilling Huid
sysiem comprises » densty of ahboul ¥ Ivpal or greater.

58. ‘The method of claim 27 wherein said hrine has a
density of from about 12 (o about 17 Ibigal.

59. The method of claim 29 whercin soid brin: hus a
density of from about 12 w abaut 17 Ibigal.

60, The muethex) of claim M} wherein xaid brine has 2
densily of from aboul 12 w0 about 17 Bb/gal.

61. ‘The method of claim 3 whensin saict brine has a
density of Trom about 12 w about 17 Ibigal.

62. 'The methad of claim 33 whercin said brine has a
denxity of from about 12 w about 17 Bhgal. .

63. The muthod of claim 34 wherin said brin: bas s
density of from ahout 12 w about 17 b/gal.

64. ‘The methedd of claim 38 whercin xaid brine hes a
density of from sboat 12 10 about 17 Bh/gal.

65. The muthod of ¢haim 36 wherein said brin: has a
demsity of from aboul 12 10 aboul 17 Bvgal.

66. The methnd of «iaim 37 whereio said brioe has a

density of from about 12 1o shout 17 Ih/gal.

" 671. The melbod of claim A8 whorein xaid brime bas a
densily of from about 12 te about 17 Bb/gal.

68. The drilling fluikl sysiem of claim 5 whereip said first
ralio i from shout 3:1 o shout I:1.

69. The drilling ftuid system of claim 6 wherein said first
rutio is from showt 3:1 o about J:1,

0. The drilling fivid system of claim 8 wherein said first
ralio is fJrom about 3:] Io about i:1,

71. The drilling flvid system of clsim 9 wherein said first
ratio is from shoui 3:1 o about 1:1.

72. The: drilling fluid system of claim 10 whercip snid first
ratio is from shout 3:1 in about 1:1.

‘T3, The drilling fluid system of claim 11 whercin said first
ratio is from shout 3:1 to abnut 1:1.

74. The drilling flnid system ol claim 16 wherein said first
ratio i3 from ahout 3:1 to about [:1.

75. The drilling Avid system of cleim 17 whorein said first
raiio is from ahout 3:1 10 about 1:1.

76. The drilling fluid sysicm of claim 18 wherein said finst
ratio is from shout 3: to about 1:1.

77. The drilling fuid system of claim 19 wherein ssid first
ratio is from sbout 3:1 to abowt 1:1.

78, The drifling Buid system of claim 20 wherein said first
atio is from about 3:1 0 about 1:1.

75. The drilling fluid systcm of claim 21 wherein said finst
ratio is from sboui 3:1 1o about 1:1.

80. The drilling fuid sysiem of clxim 22 wherein said firsl
calio is from sbout 3:1 to about 1:1.

81. The drilling fuid system of claim 23 whercin sail firsi
malio is from shout 3:1 1o sbhoul 1:1.

82. The drilling fuid system of claim 24 wherein said first
ratio is from about 3:1 © aboui 1:1.

83. The drilling Muid system of claim 25 whercin said finst
ratio is from shout 3:] o about 1:3.

#4. The drilling fluid system of claim 3 wherein said brine
further comprines a fluid loss control additive comprising
2-amino-2-methy! propane sulfoaic scid.

8S. The drilling fluid sysiem of clsim 84 wherein said
cationic polymer snd said flux! joss control additive are
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present in said drilling Huid sysicm at » sevond rativ of from
ahout 2:1 1o abumt 1:2,

B6. ‘Tho drilling Nuid systcm of claim 84 whercin said
cationic polymer and zaid Nuid losk control additive arce
presant in said drilling wid systcm at a second mtio of ghout
I:l.

N7, The drilling Huid system of claim 4 wherein said brine
further compriws o Huid loss contnol adililive comprising
2amino-2-methyl propane sulfonic acid.

88, The drillimg Nluid xyrem of daim 87 whercin said
calivnic polymer and xaid fluid Joss comml akditive are
prescat in gaid drilling fluid system at a seeund mitio of from
ahout 2:1 v abiut 122,

49, The drilling Nukl sysicm of claim 87 wherein said
cationic polymer and soid fluid loss conirel additive an
prexent in said drilling Nuid sysicin al a secomnd ratio of ahoul
I:1.

90. The: drilling Ruid system of claim S wherein said brine
Turther comprixes a Buid Juss conlrol aklilive comprising
2-aminu-2-mcthyl prupane sulfonic acid.

91. The dritling fluid sysicm of claim 90 whercin said
cationic polymer and said Muid kex comrl additive an:
prusenl in sail drilling fluid sysiem al a seeond ratio of from
abowt 221 to about 122,

92. The drilling Nuid xyxiem of claim 90 whercin said
cationic polymer and said fluid loss. contral additive arc
presenl in said drilling fluid sysicm ai a second ralio of shont
I1:1.

93. The driling fluid gysiem of claim 6 wherein xaid brine
further comprines 2 Buid lows control sddilive comprisiop
2-amino-2-molbyl propanc sulfonic acid.

$4. The drilling fluid systcm of claim 93 whercin s3id
calionic polymer and ssid finid loss conuml additive are
present in said drilling fluid system at a second ratio of from
ahout 2] 1o aboui 1:2.

98. The drilliog fluid system of claim 33 wherein said
calionic polymer and said finid loss control additive arc
present in said drilling Buid systcm al a second ratic of abont
1:l.

96. The drilling fvid sysicm of claim & wherein said brina
further comprises 2 fluid loss coutral acklitive comprising
2-amino-2-4ecihyl propene selfonic acid.

97. The drilling fluid sysiem of claim 96 wherein mid
cationic polymer and said fluid koss conwol additive are
present in said drilling flvid system at a second ratio of from
ahoul 21 to abomt 1:2.

98. The drilling fluid sysiem of caim 96 wherein ssid
cationic polymer and said fuid kngs coatrol additive arc
present in said drilling fluid sysiem at a second ratio of aboul
1:1,

99. The drilling fluid sysiem of claim 8 wherein said brive
further comprises a fivid loss control sdditive comprising
2-amino-2-metlyyl propane sulfonic acid,

160. The drilling fluid system of claim 99 wherein said
cationic polymer and said floid loss control addilive are
present in said drilling fluid system at a second ratio of from
abaut 2:1 1 about 1:2.

101. The drilling Auid sysan of chhim 99 wherein mid
cationic polymer and said flnid loss conuol additive are
present in sakl drilling fluid systcm at a secopd ratio of about
1:1.

102. The drilling fluid system of claim 9 wherein said
brine further comprises a Buid loss control additive com-
prising 2-amino-2-methyl propase sulfonic acid.

103. The drilling fAvid sysiem of claim 102 wherein said
cationic polymer and said fluid Joss control additive are
present in said drilling finid system at a second ratio of from
ahoul 2:1 10 about §:2.
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104, The drilling ukt xysiem of cluim 102 whercin xaid
cutionic pulymer aned <okl Nuid bees cmrad additive ane
present in said drilling Duid sysiem at a seoond ratio of ahout
[HE

105, 'The drilling lluid svstem ol claim 19 wikrein svid
hrinc Turiher comprises a uid fors conlrol additive com-
prising 2-amine-2-methyl propane sulfonae acid.

106, The drilling fluid sysiem of claim 105 whoercin xaiil
cationic polymer and said flui] ke control additive are
present in said drilling Hukl sysiem al a seeond satic of [on
aboul 2:} W abom 1:3, i

107, The drilling Ruid system of claim 105 whercin said
cationic polymer and said Muid los control additive are
present in said dritling, Muid sysicm al a second ratio of gbout
IHP

104. The drilling fui) syxiem of claim 11 wherein said
brine forther comprises a luid foss contml adlitive com-
priging 2-amino-2-methyl propanc sulfonic acil.

109. *I'he drilting fluid system of claim 108 whercin said
cationic polymer and raikl fMuid loss comtrol adklitive are
present in said drilling Huil sy=ivm al a second ratio of from
ahout 2:1 10 ahout 1:2,

0. 'The drilling fluid sysiem of clhiim 108 wherein ssid
calionic polymer and raid fluid hes conirel additive arc
present in said drilling uid sysiem al a seeond ralio of ahout
I:1.

1. The drilling. Auict system of claim 12 wherein said
brine (urlber comprises a Nuid loss control addilive com-
prising 2-amino-2-methyl propape sulionic acid.

112. The drilling fuid sysiem of claim L1I whercin said
cationic polymer and said fluid loss contral addilive are
presenl in said drilling Hluid sysicm al a sceond ratio of from
about 2:] to about 1:2.

113. The drilling flukl system of claim 111 wherein said
catiopic polymur and said fluid loss conirol additive are
presenl in said drilfing lluid sysiem at a second ratio of aboul
1:1.

114. The drilling fluid sysiem of claim 13 wherein said
brine forther comprises a fluid loss control additive cum-
prising 2-aminc~2-methyl propane sulfonic acid.

118. The drilling Buid sysicm of claim 114 whereio seid
cationic polymer and said fluid loss conirol additive are
present in said drilling Muid sysiem al a second ratio of from
about 2:1 10 abowt 1:2.

116. The drilling fluid system of claim 114 wherein said
cationic polymer and said fluid Joss conirol addilive are
present in said drilling fluid system a1 & second ratic of ahout
1:1.

7. The dnilling Nuid sysiem of claim 14 wherein said
brine further comprines a fluid loss conirol additive com-
priaing 2-amino-2-meibyl propape sulfonic acid.

118. The drilling fMuid sysiem of claim 117 wherein said
calionic polymer and sail fluid kss control additive are
present in said drilling Buid sysiem at a second ratio of from
about 2:1 lo sbout 12,

119, The drilling fluid sysiem of claim 117 wherein said
cationic polymer and said fluid ks conirol additive are
present in sxid drilling fluid sysiem at a second ratio of shout
1:1.

120. The drilling fluid system of claim 15 wherein said
brine furtber comprises a Buid loss conirol addilive com-
prising 2-amino-2-melbyl propane salfonic acid.

121, The drilliog fluid sysiem ol claim 120 wherein said
calionic polymer and said fluid loss contral additive arc
present i seid drilling fluid sysicm at 2 second ratio of from
about 21 o shout {:2,

122. The: drilling fluid sysicm of cleim 120 whercin said
calionic polymer and said flukl loss control additive are
present in said drilling fluil system ai 2 second ratio of shout
1:1. )
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123. The drilling Nuid systam of claim 22 wherin saikl
brine furthee compriscs 3 Buid s comtood addditive com-
prixing 2-amino-2-mcthyl propane subfonic acid.

124, The drilling flvid gy=tem of claim 123 wherein sail
cativpic polymer amd said Quid kes contm] addilive an;
presenl in said drilling Huid sysiem a1 a sceond ralio of fTrom
about 21 w abont §:2.

135, The drilling Nuid kydtem of claim 123 wherein xaid
extionic polymer and said fluid ke coninel additive ane
presant in sakl drilting Nuid system at a second ratio of abou
I:1.

126. The drifling fluid system of claim 23 wherein said
brine forther comprises a flukt loss control additive com-
prising 2-aminpn-2-methyl propane subfonic acid.

127. The drilling fluid kystem of claim 126 wherein sail
cativnic pulymer and said fluil kss control additive are
present in saidl drilling Nuid sysiem al a second ratio of frum
aboul 2:1 1y about 1:2.

128, The drilling Nuk! system of claim 126 wherein said
cationic polymer and said Buid loss contrul additive ane
prescnt in said drilling fluid system at a recond ratie of abowt
1:1.

129. The drilling Muid system of claim 24 wherein said
Prine further comprises a fluid loss control additive com-
prixing 2-amino-2-methyl propane sulfonic acid.

13, The: drilling fluid system of claim 129 wherein said
cationic pulymer and saic? Auid loss eoniro] additive are
presenl in said drilling tluid sysicm at a second ralio of from
ahoul 21 1o about 1:2.

131, The drilling fluid kystem of claim 129 wherein sand
cativnic polymer and xaid fluk} kss control additive are
prescal in said drilling fluid system at a secund ratio of about
1:1.

132. The drilling Avid sysiem of claim 25 wherein said
brine further comprises a fluid loss odntrol additive com-
prising 2-amino-2-methy! propanc sulfonic acid.

133. The drilling Duid system of claim 132 wherein said
cationic polymer and said fluid loss control additive are
prescnt in said drilling Nvid sysicm at & second ratio of from
about 2:1 1o about 1:2.

134, The drilling Buid system of cluim 132 whereio sail
cationic polymer and said fluid loss control edditive are
prenenl in said drilling flvid system at & recond ratio of sbout
1:1.

135, The drilling fluid system of claim 3 whercin said
brine has a density of st leas! about 9 Ib/gal.

136. The drilling fluid system ol claim 5 wherein said
brine has a densily of at least aboul 9 Ib/gal.

137. The drilling fluid sysiem of claim 7 wherein said
brine has & deosity of at leas! ahout 9 Ib/gal.

138. The drilling fluid sysiem of claim 9 whereip said
brine has a density of at least about 9 Ib/gal.

139. The drilling fluid system of claim 12 wherein said
brine has a density of at Icast about 9 lb/pal.

140. The drilling fluid system of claim 13 wherein said
brine has a density of al least about 9 h/pal.

141. The drilling fluid system of claim 71 whercio said
brinc has a donsity of al least about 9 Tb/gal,

142. The drilling flnid sysicm of claim 84 wherein said
brine has & density of al leasi about 9 [b/gal.

143. The drilling fluid sysiem of claim 90 wherein seid
brine has & densily of al least about 9 To/pal.

144. The drilling fluid sysiem of claim 96 wherein said
brine hes a density of at least ahout 9 Bgal.

148, The drilling fluid systera of cluim 97 whercin said
brie hax a densily of at lcast shoul 9 Rwgal.

146, The drilling fluid system of cluim 102 wherein said
brinc has a densily of at Jeast ahoul 9 h/gal.

/g
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147. ‘The drilling Muid system of cliim 111 whencin said
brine has a density of al least about 9 ih/pal,

148. The drilling Nuid system of claim 112 whercin xaid
brinc hax a demdty of at least ahowt 9 Ihigal,

149. The drilling flukl sv<em of claim 113 wherein xaid
brinc has a demsity of at lcasi ghowt ¢ Ihjgal.

150. The drilling. fluid sydem of claim 114 whercin xaid
brine hax 3 demsily of a1 keast showt ¥ Ihipal.

151. The Jrilling flvid sysiem of claim 118 whercin said
brine has a density of al least ahout ¥ [hygal,

152. The drilling Mukl sydem of claim 116 wherein said
brim: has a density of al leasl about 9 Ih/pal.

153, The diilling Nuid gystem of claim 4 whercin said
hrim: has a density af from ahout 12 w0 about 17 fh/pal,

154, The drilling Nuid system of claim § whercin said
brin: has 3 densily of from ahout 12 10 stowt 17 Thigal.

IS8, The drilling fluid system of claim & whercin said
brinc has 3 density of from about 12 W about 17 Thygal,

156. The Jrilling fluid systiem of claim 7 wherin said
brine has a density of from about 12 1o ahout 17 Bvgal.

157. ‘The drilling fluid sysiem of claim # whercin said
brine has a density of from about 12 to about 17 Thigal.

158. The drilling Ouid sysicm of claim 9 whenin said
brinc has a density of from about 12 10 about 17 hgal.

159. The drilling fluid system of claim 10 whercin said
brioe has a density of from ahout 12 1o aboul 17 Lhigal,

160. The dnlling fluid system of claim 11 whercin said
twinc has 3 donsity of from about 12 to aboot 17 th/gal,

161. The drilling fluid sysiem of clsim 12 whercin said
brine: has a dessitly of from about 12 10 shout 17 fh/pal.

162. The drilling Ouid system of claim 13 wherein aaid
hrine bax a density of from about 12 w shout 17 B/pal.

163. The drilling fluid systcm of claim 14 whercin said
brinc bas 3 density of from ahout 12 10 sbout 17 higal,

164, The drilling fluid system af claim 15 whercin said
brine hax a density of from about 12 1o about 17 lh/gal.

168. The drilling fuid sysicm of claim 16 whercin said
brinc bas a density of from about 12 to shout 17 Th/gal.

166. The drilling fluid system of claim 17 whercin said
brins bas 3 density of from about 12 (0 sboul 17 Rhv/gal

167. The drilling fuid system of claim 18 whercin said
brine hax a density of from sbout 12 to shont 17 lb/gal.

168: The drilling fMuid sysiom of claim 19 wherein said
brine has a demsily of from about 12 to about 17 Th/gel.

169. The drilling fluid system of claim 20 wherein raid
brinc bas a densily of from about 12 (v ahbout 17 b/pal.
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170. 'The drilling fluid kytem of cluim 21 whercin said
brinc hos a densily of from about 12 1o ahom 17 Thgal.
171. Th drilling fuid sysiem of claim 22 wherein said
brine has a densily of fram ohoul 12 10 about 17 Hy/gal.
172. 'The method of claim 66 whercin sak} brine has 2
density of fram ahoul 12 to abwut 17 Thipal.
173, The method of claim 67 whercin said brine hax 3
ensity of lrom abwut 12 w0 aboud 17 Fgal.
174. The Jrilling Muid syslem of claim 68 wherein sand
brim: has a density of from whout 12 10 st 17 Ihjgal,
175. 'The drilling, Nluid syslem of claim 6% whercin said
hrine has a depsily of from aboul 12 to about 17 ibfgal,
176. ‘The drilling fluid sydem of claim 70 whercin xaid
brinc har a densily of from about 12 to aboul 17 Thigal.
177. ‘The drilling fluid system of claim 71 winrcin said
brine: bas a deasity of [rom ahout 12 10 ahuut 17 Thipal.
178. The drilling fluid sysiem of claim 72 whercin said
brioe has » demily of from about 12 1o about 17 Th/gal.
179. The drilling flwid sysiem of chaim 73 whercin said
brine hax a densily of from ahoul 12 1o about 17 Thipal,
180. The drilling Nuid system of claim 74 whercin said
brinc has a density of from ahout 12 (0 shout 17 Ih/gal.
181. The drilling fluid system of claim 75 wherein said
brine has a density of from about 12 1o about 17 Ib/gal.
182, The drilling fluid syxtem of claim 76 whercin said
brinc has a deasity of from atwint 12 10 about 17 Th/pal.
183, The dridling Ruid xysiem of claim 77 whensin said
brine has a demity of from about )2 lo abowl 17 Ihipal.
184. The drilling fluid system of claim 78 whercin said
brine has » densily of from about 12 10 about §7 lh/pal.
185. The: drilling Muid sysiem of chim 79 whercio said
brinc bas a densily of from about 12 1o about 17 Ih/gal.
186, Th drilling Rfvid systiem of clain 80 whercin said
brine bas u density of from abowt 12 to about 17 Ib/gal.
IRT. The drilling Buid sysiem of claim #4 whercin said
brine has a density of from about 12 to shaut 7 Ib/pal.
188. The drilling fluid system of claim 8% whercin said
brine bas 3 densily of from abont 12 10 about 17 Ib/gal.
189. The drilling fluid system of claim 86 whercin said
brinc bas a density of from about 12 to about 17 Jb/gal.
190. The drilling fluid syslem of claim 90 wherein said
brino has a density of from shout 12 1o shout 17 Th/gal.
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The declaration must conform to the stardardized wording provided for in Section 212; see Notes to Baxes Nos. VIII, VIU (i) to (v) (ix penerul)
and the specific Notes to Box No VIl i). If thls Bax Is mot used, this sheet should not be included in the request.

Declanution as to the applicant’s entitlement, ss st the international filing date, to spply for and be granted a putent (Rules 4.17(i5)
nnd 51bis. 1(a)(ii)). in a case where the declaration under Rule 4.17(iv) is not appropriate:

In relation to this international application, BP Exploration Operating Company Limited is
entitied to apply for and be granted a patent by virtue of the following :

BP Exploration Operating Company Limited is entitied as employer of the inventors
ASTON, Mark Sheilton and McLEAN, Michael Richard

This declaration is made for the purposes of all designations (except the designation of
the United States of Amaerica).

In relation to this international application, BP Corporation North America Inc is entitied to
apply for and be granted a patent by virtue of the following :

BP Corporation North America Inc is entitied as employer of the inventor ALBERTY, Mark
William

This declaration is made for the purposes of all designations (except the designation of
the United States of America),

— _

[ This dectaration is continued on the following sheet, “Continuation of Box No. VII (i)™

Form PCT/RO/101 (declsration sheet (ii)) (January 2004) See Notex to the requess form



SheetNo. ...5. ..

BoxNo. VII (1) DECLARATION: ENTITLEMENT TO CLAIM PRIORITY
' The declaration st confirm io the stondardized wording provided for in Section 213; see Notes to Baxes Nos. VII, VIl (i) to (¥) (in geveral)
and the specific Notes to Bax No VI (it]). I this Box is not ured, this sheet should mot be included in the request.

Declaration as to the applicant's entitlement, as at the international filkng date, to claim the priority of the earlier spplication specified
below, where the applicant ia not the npplicant who filed the earier application or where the applicant®s name has changed since the
filing of the earlier application (Rules 4,17(jii) and 51ir.1(s)(iii)):

In relation to this intemational application, BP Exploration Operating Company Limited

and BP Corporation North America Inc are entitled to ciaim priority of earfier application

no. US 60/489,917 dated 25th July 2003 by virtue of the following :

an assignment from Mark William ALBERTY, Mark Shelton ASTON and Michael Richard
McLEAN dated 25th July 2003

This declaration is made for the purposes of all designations.

[[] This declamtion is continued on the following sheet, “Continuation of Box No. VI (jii)™.

Form PCT/RO/101 (declaration sheet (iif)) (January 2004) . See Notes 1o the request form
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Box No. VIII (iv) DECLARATION: INVENTORSHIP (only for the parposes of the designation of the United States of Arerice)

The declaration must conform io ihe following standardized wording provided for in Section 214; see Notes to Baxes Nos. VITI, VIiI (i) to (v)
(tn genernl) and the specific Notes 1o Box No.VIII (fv). If this Bax is mot used, this shewt shovld not be bncluded in the request.

Declaration of inventorship (Rules 4.17(v) and S158s.1(a)(iv))
for the purposes of the desigustion of the Unhted States of America:

I hercby declare that 1 believe 1 am the original, first and sole (if only one mventor is listed below) or joint (if more than one inventor
is listed below) inventor of the subject matier which is clnimed and for which s patent is sought.

This declaration is directed to the international application of which it forms » pert (if filing declaration with spplication).
This declaration is directed to intermational application No. PCT/ .. ... .....coovcivcevinnnaane. (if fumishing declaration pursuant
10 Rule 26ter).

1 hereby declare that my residence, mailing address, and cilizenship are as sisted next to my name.

1 hercby state that | have reviewed and understand the contents of the sbove-identified intemations| application, including the claims
of midapplication. | have identified in the request of said application, in compliance with PCT Rule 4,10, any cluim 1o foseign priority,
und | have identified below, under the heading “Prior Applications,™ by spplication number, country or Member of the World Trade
Organization, day, month end year of {iling, sny spplication for a patent or inventor's certificate filed in a comniry ofher than the United
States of America, including sny PCT international application degignating at beast one country other than the United States of Amarics,
having a filing date befors that of the application on which foreign priority is claimed.

1 hereby acknowlsdps the duty to discloss formation thet is known by me to be material to patentubility ws defined by
37C.F.R § 1.56, inclnding for continmation-in-part spplicationk, material information which became available between the filing dato
of the prior application and the PCT international filing date of the continuation-in-part application.
| hovsby declare that all statements made berein of my own knowledge are irue and that all statementy made on information and beliel

are belisved to be trua; and further that these ctatements were made with the knowledge that willful fulse statements and the like 5o
made are punishabie by fine or impriscnment, or both, under Section 1001 of Title 18 of the United States Code and that such willful

false statementy may jeopardize the validity of the spplication or any patent issued thereon.

--------------------------------------------

i (of signanme which is not bontined in the request, or of the
sdded under Rols 26ver after the filing of the Inh'nnmnl declaration that is cormecied or added under Rale 266sr after the
application. The signature roust be that of the ioventor, notthatof filing of the international application)

the agent)

{city and either US state, if applicable, or comtry)

Mailing Address: 35 FoIrfex Rload, Teddington, Middlasax, T 18 0D, UK e

Inventor's Signatare: ......... ... c.chiiiiiiiiieaina. DEe: ... iiieaiecamcremrerrareneann
{if oot contwined in the request, or if declaration is corrected or  (of signature which is not comained in the request, or of the
sdded under Rule 26ter after the filing of the internstionsl  declarstion that is corrected or added under Rule 26¢er afier the
spplication. Tha signature must be that of the inventor, notthatof filing of the intarnational application)

the agent)

_ =
'This declaration is continued on the following sbeet, “Continuation of Box No. VNI (iv)".

Fosm PCT/RO/101 (declarution sheet (iv)) (January 2004) See Notes to the requesi form

/57



BoxNe. VIl (Iv) DECLARATION: INVENTORSHIP (only for the purposes of the designation of the United States of Amevica)
The declaration must conform io the following riandardized wording provided for in Section 214; see Notes to Boxes Nos. VIIL, Vill (i) 1o (v)
(In general) and the specific Noles to Bax No.VIll (iv), If this Box is mot used, this sheet shondd not be included in the request.

Declaration of inventorship (Rules 4.17(Iv) and 5158.1(a)(1v))
for the purposes of the desiguation of the United States of America:

1 hereby declare that I believe [ am the original, first and sole (if only one inventor is listed below) or joint {if more than one inventor
is listed below) inventor of the gubject matter which is claimed and for which a patent is sought.
This declsrution is directed o the intermnational application of which it forms a part (if filing declaration with applicstion).

This declaration is directed to internationa) application No. PCT/. ... ..ccovmiicicnecacennnnn, (if farnishing declaration pursuant
10 Rule 26rer).

I hereby declare that my residence, mailing address, and citizenship arc as stated next to my name.

I hereby state that | have reviewed and understand the contents of the above-identified international application, including the clsims
of sid application, 1 have identified in the request of mid application, in compliance with PCT Rule 4. 10, any claim to foreign priority,
and 1 have identified below, under the heading “Prior Applications,” by spplication number, country or Membey of the World Trade
Organization, day, month and year of filing, any application for a patent or mveator’s certificate filed in a country other than the United
States of America, including any PCT intemational application deaignating st least one coontry other than the United States of America,
having a filing date before that of the application on which foreign priocity in claimed.

I hereby acknowledge the duty to disclose information thal is inown by me to be material 1o patentability as defined by
37 CF.R. § 1.56, including for continuation-in-part applications, material information which becarne available between the filing date
of the prior application and the PCT international filing dute of the continuation-in-part spplication.

1 hereby declare that all stateroents made herein of my own knowledge are true and that all staicments made on information and belief
are believed to be truc; and further that thege statements were made with the that willful false statementy and the like so
made are punishable by fine or imprisomnent, or both, under Section 1001 of Title 18 of the United States Code and that such willful
falsc statements may jeopardize the validity of the application or any patent issued thereon.

-----------------------------------------------------------------------
---------------------------------------------------------------------------------

Inventor's Signature: ......cccccovumeanannnsunenanas

(if not contained in the request, or if declaration is comrected or
added under Rule 26tar afier the filing of the internatiomal
spplication. The signature must be that of the inventor, not thet of
the ngent)

.. Mark Shelton ASTON

...........................................

Inventor's Signature: .........cccvrrennnsttisnansrnns
(if not contained in the request, or if declarstion is corrected or
added under Rule 26/er after the filing of the inicmationa)
application. The signature mst be that of the inventor, not that of
the sgent)

{of signature which is not contained in the request, or of the
declaration that is corrected or added under Rule 26ser after the
filing of the international application)

porae hll!'llidlillloll :Mhe ........ or “me
declaration that is cormected or added under Rule 26¢er after the
filing of the internationsl application)

This declaration is contimued on the following sheet, “Continuation of Box Neo. YIII (iv)™.

Form PCT/RO/101 (declaration sheet (iv)) (Jamuary 2004)

See Notet 1o the request Jorm



SheetNo. ...7...

Gl;mlnuallnn ofBox No.VIlI()to (v)  DECLARATION
{fdu Nos. Wﬂﬁ)b fo firnish all the information, including in the case where more than two inventors
o g ‘%.M

nnndlnloxﬁo. in such case, wri Bax No. VI ... mwmmqmmwm
uwmnﬁcmmﬂrqmrdﬁrﬁe inwhich the way innfficent if additional space
1' armdd’ammammmmalbnmbeudﬁr uch declaration. If. Buknundﬂuhﬂ
ingluded in the request

Name : McLEAN, Michael Richard

Residence : Staines, UK

Mailing Address : 8 Riverfield Road, Staines, Middlesex, TW18 2EE, UK
Citizenship : British

Signatur_e_(m—! Date : QLAGUW 2o0té

Form PCT/R0O/101 (continuation sheet for declaration) (January 2004) See Notex to the requast Jorm



PCT

POWER OF ATTORNEY

{for an international application filed under the Paieni Cooperation Treaty)
(PCTRule90.4)

The undersigned applicant(s) (Names should be indicated ay they apprar i the requent):

ALBERTY, Mark Willlam
ASTON, Mark Sheiton
MCcLEAN, Michael Richard

bereby appoints (sppoint) the following person as: agent ' D COMMmOn representati ve

Name and addrems X
(Fanily name followsd by given name; for o legal eaity, full official designation. The address must inclnde postol code and neme of counry.)

COLLINS, Frances Mary, and

PREECE, Michasl, HYMERS, Ronak! Robson and BARLOW, Michael Thomas as Additional Agenis

al professional representatives of BP Intemational Limited, Patents & Agreements, Chertsey Road, Sunbury
on Thames, Miidlesex, TW16 7LN, Uniled Kingdom

toreprasent the undersigned before O] suthecompetent Intemational Audorities
[[] meinternasional Searching Autharity only
[[] owimemstional Preliminary Examining Autharity oaly

in connection with the international application ideatified below:
Titleof themvention: Driiling Method

Animt'lnlpﬂ'lmm: 1m1
Internationsl application sumber (i alrendy avallahie):

filed with the following Office GB asreceiving Office
and tomake or receive payments on behalf of the undersigned.

Signatureof the applicant(s) (wher shere are smeral applinents, cack of them maw dpn; mext @ cach spuarere, indicaw the amue of e permn Sgwing wnd
th cuparity in which dr persen sipus. if sk copacity it net abwims from rewling tha requent or this pawery

M (A),, N .'1.u.1.

ALBERTY, Mark Willam ASTON, Mark Shelton

McLEAN, Michael Richard

Dute:

Form PCT/Model of power of atiomey (for a given international application) (July 1992)
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: PCT

POWER OF ATTORNEY
{for an international application filed under the Potent Cooperation Treaty)

(PCTRulc90.4)

The undersigned applicant(s) (Names should be indicated as they wppear in the request):

ALBERTY, Mark William
ASTON, Mark Shelton
McLEAN, Michael Richard

hereby appoints (sppoint) the following personss: ngent EI common representative

Nameand address
{Fanily name foliowed by given nowe: for a legel entity, full official devignation. The address wunst inciwde postel code end zame of coustry)

COLLINS, Frances Mary, and

PREECE, Michael, HYMERS, Ronald Robson and BARLOW, Michael Thomas as Additional Agents

all professional representatives of BP Intemational Limited, Patents & Agreements, Chertsey Road, Sunbury
on Thames, Middlasax, TW16 7LN, United Kingdom

to representthe undersigned before O] stithe competentinternational Authoritics
[] meimemationslSearching Authoritycaly
[] themicmationalPreliminary Examining Authorityonly

inconnection with the international application identificd below:

Titleoftheinvention: Drilling Mathod

International application number (faiready avallable):

filed with the following Office GB asreceiving Office
and to make or receive payments on behalf of the undersigned.

Signature ofthe applcant(s) fwhov v we srvwel spplicass. exch of them mut sign; 2y 10 coch siynsers, Inficas che somy of de persce sigaing od
e copucity In which the persoa sigas, [ mch caparity s oot obvisnt from rrnding e reqeen or i pewer):

a0\ S T
ALBERTY, Mark William ASTON, Mark Shetlton

W.ot oy
McLEAN, Michael Richard

Date-

Form PCT/Model of power of anomey (for a given international application) (July 1992)

el



. Sheet No, .. 8 ‘e
Box No.IX CHECK LIST; LANGUAGE OF FILING
This intemational application contaias: TIE;EI;I?:“&G:I spplication is accompanied by.‘ﬂu n:ollowins Number
: i ) the applicabla check-bores below and indicare in f itemn
(n) inpapcrl‘onn,unfollowm;numhruf right cohmn the mumber of each itew): of iterns
request (includi 1. [ fee calculation sheet . 1

dotlamtion sheets : 8 | 2. original sepamate power of atiomey 1

w“;‘“(ﬁ:'“d‘;“n 3. [0 original gencral power of attomey ' :

tables related thereto) 15 4.l copy of general power of stiomey; reference number,

chaira 3 amY: . i i e tie e e, 2

sbetct 1 | 5. 0O swtement explaining lack of signature

drawings , 1 6. pnur(l document(s) identified in Box No. VI as

Sub-total !m_mhr of sheets : 28 | 7.0 translationof international applicstion into

sequence listing : (anguage): .. . ... ..o iieiii e,

tables related thereto : 8. [0 scparate indications conceming deposited microorganism

(for bgﬁ’asnl number of or other biclogical material . »

Sheer 1% PP, 9. listi rendable form

w‘:" nl‘l 'Iho" m D ml: ‘;F“d'nl: number of carriers)

see (c) below) —_— @ a r. wubmitted for the purposes of international search under
¢ 13ter anly (and not as part of the inlermational application) :
Total number of sheets 28 @) O« mwmm (0 or c)) s marked in it colimn)
ional copiew including, w

lucnble. the copy for the
purposes of i mmmml search under Rule | 3rer :

@i} [J together with relevant siastement as 10  the identity of the copy or
copies with the sequence lining mentioned in lefl column :

®) ] oalyln “ﬂrlﬂl‘ readable form

() [ sequence listing

() [ tablesreutcd 10. [J tablesi readable f lated li
() [0 sise in computer readable form (indica '?‘m" : ;rmr:") to sequence listing

(Section B0 (X)) O submitted for the purposes of international search under
sequence listing copy, for
(Ei-; g hblunlnedl thereio ® thmmmmm)gly (and nnllnu pmoorll‘:hnmmnunl i

nd ber of carriers (diskette, where check-bax (b, marked column)
RE)M.C.I')n-Ru-odu)m are 6 O ¢ mmﬂenpmme ucénﬁz.w(dmhlmble llr,ll||=“q|::|:yfm'tlm
purposcs of internetional search under Section 8302(b-guater) :

D sequence [isting: .. .............. (i) [J together with relevant statement as to the ldenhty of the copy or
[0 tables related thereto: . ........... copies with the tables mentioned in left col :
(additional copies i be Indicated wnder 11,0 other{pedf): - o eeeee e cvim s renerareensnnes
items 9(H) and/or 10(t5), in right colummn)
of the drawings which Language of Gillag of the -
zu“l'd'mamm the abstract: One internationsl application: English

BoxNe.X  SIGNATURE OF APPLICANT, AGENT QR COMMON REPRESENTATIVE
Nuud#-n.hﬂhmd’dnm“dkwhMﬁm*ﬁdﬂbu“ﬁwﬂkw

Ml

PREECE, Michael
Additional Authorised Agent

For receiving Office use only
1. Date of actual receipt ufthepmpumd . 2. Dmawings:

3 Conlu'leddllv&oflﬂunlmmducmhmbul
timely received papers or drawings ¢
llupl!rpmmdmtﬂnnwnullmhﬂ

4. Duls ofimely it of e e L] st rcevet

. | .
- e [ Tonml s s

For International Buresu use only

Date of receipt of the recond copy
by the International Burean:

Form PCT/RO/101 (last sheet) (January 2004) See Notes 1o the request form
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PCT

FEE CALCULATION SHEET
Annex to the Request

For receiving Office use only

International Application No.

. This sheet Is not part of and does not count as a sheet of the international application.

Aﬂpliunl'u or agent's
file reference 10061 Dalc stamp of the recciving Office

Applicant
BP EXPLORATION OPERATING COMPANY LIMITED et al

CALCULATION OF PRESCRIBED FEES
1. TRANSMITTALFEE . . . . .. ... .. .......... I

£55.00

2. SEARCHFEE . . . . . .. ... s it vt m it eean L

£1078.00 [5]

International scarch to be caried out by

(If two or more International Searching Authorities are competent to carry out the
internatiomal search, indicate the name of the Authority whick is chosen to carry out
the international search.)

3. INTERNATIONAL FILING FEE

Where items (b) and/or (c) of Box No. IX epply, enter Sub-total number of sheets
Where jtems (b) and (c) of Box No. IX do not apply, enter Total aomber of sheets

[Jemsosheem . . .. ... ..o ... | £628.00[i1]

@ < ET00 .} @

mumber of sheets fee per sheet
mn excess of 30

additional ly if sequence listing and/or tables related
B0 tioncompones g iing o s i
or both in that form and on paper, under Section 801 (a){if)):

400 x -1 [ia]

fec per sheet

28

Add amounts entered at i1, 2and i3 and enter total a1 . . . . | £628.00 [1]

(Applicaniz from ceriain Siates are entitled to e reduction of 75% of the
international filing fee. Where the applicont is (or all applicanty are) so
entitied, the ioinl to be entered at I is 25% of the international filing fee.)

4. FEE FOR PRIORITY DOCUMENT (f applicable) . . . . . . . . .. |

7]

5. TOTALFEESPAYABLE . . . . . . . ... ... .,......

£1761.00

Add emounts entered st T, 5, | and P,and euter total in the TOTAL box

TOTAL

MODE OF PAYMENT
O m{m ) ] postal money order O ash
X cheque [ bank dan O revenve stamps

[ coupons
D_ other (specify):

AUTHORIZATION TO CHARGE (OR CREDIT) DEPOSIT ACCOQUNT

[ Authorization to charge the total fees indicated sbove.

(Thiz mode of payment may rot be available at all receiving Offices) Receiving Office: RO/
Depasit Account No.:

O mnis check-bax hmﬂoﬂygmcmﬁﬂwhrdlpuilmnn Date:

of the receiving 20 permif) A izationto ¢ uny deficiency

or credit any overpayment in the total fecs indiuwh:xwe. Name:
[J Authorization 1o charge the fee for priority document, Signature:

Form PCT/R0/101 {Annex) (Juouary 2004)

"See Notes to the Jee calculation sheet
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) PCT
POWER OF ATTORNEY
{for an international application filed under the Patent Cooperation Treaty)

(PCTRule90.4)

The undersigned spplicant(s) (Names should be indicoied as they appear In the reguesy).

BP EXPLORATION OPERATING COMPANY LIMITED
BP CORPORATION NORTH AMERICA INC

S
hereby appoints (appoint) the following person as: agent D common representative

Name andaddress
(Fanily xame followed by given name: for a legal entity, full official designation. The address wmust Include posial code and name of comntry.)

COLLINS, Frances Mary, and

PREECE, Michael, HYMERS, Ronald Robson and BARLOW, Michael Thomas as Additional Agents

all professional representatives of BP International Limited, Patenis & Agresments, Chertsey Road, Sunbury
on Thamas, Middlesex, TW16 7LN, United Kingdom

torepresent the imdersigned before D] nthe competentintemational Authorities
’ [[] theintcrational Sesrching Authority onty

[[] themtemational Pretiminary Examining Authority onty

incormmection with the international application identified below:

Title of thelnvention: Drilling Method

Applicant's or agent’sfle reference: 10061

Intermationalapplication oumber (if already available):

filed with the following Office GB as receiving Office
and to make or receive payments on behalf of the nndersigned. '

Signatureofthe applicant(s) fwherw der are sveel qupiicnns, ach of dew wust dgn; saxt &0 aack sigeatare, indicars the nume of She person signing and
the capacity i which the porsan signs, if suck capecity i ant obvioss fram reading the request or this power):

HYMERS, ald Robson . PREECE, Micheel

By Power of ttormey By Power of Attomey

for BP Explofation Operating Company Limited for BP Corporation North America inc
Dt 18th July 2004

Form PCT/Model of power of attorney (for a given international application) (July 1992)

/4



Fee Skeet (FS2) The
*(Non-Deposit Accommt Holdors) Patent
Office
Account Payment Method
No. C03022
a) Bank transfer of £
(set Note 1)
Name BP INTERNATIONAL LIMITED
Address PATENTS & AGRBEMENTS on (date)
CHERTSEY ROAD
SUNBURY-ON-THAMES, MIDDLESEX OR
TW16 7LN, ENGLAND
Christine Gravenell b) Chegue enclosed for [ 3 £1761,00
Contact {see Note 3)
TelNo.___ 01932 763343 Fee Sheet Reference (see Note 4) 10061
Fax No. 01932 762388 Date 19/07/04
E-Mall Address
Form type
(PITMD Form Name, Number or Other 1dentifier Amount of Fee
PCT/EP) Number £
{see Note 5)
1 PCT RO/101 PCT Request for BP Case No. 10061 1761.00
2
3
4
5
6
7
8
9
10
1]
12
13
14
15
16
17
18
19
20
21
¥ ]
23
Page of pages Total £1761.00

/o5



The demand must be filed directly with the competent Internationol Preliminary Examining Awthorily or, if wo or mure Authorities are
with the one chosen By the applicant. The fill name ar two-letsar code of that Authorily may be indicated by the appiicant on the fine bfow:

IPEA/

/66

PCT CHAPTER II

DEMAND

under Article 31 of the Patent Cooperation Treaty:
The undersigned requests that the international application specified below be the subject of
international preliminary examination according to the Patent Cooperation Treaty,

For Intemational Preliminary Examining Autharity use only

Idestification of IPRA Date of receipt of DEMAND

BoxNo.l IDENTIFICATION OF THE INTERNATIONAL APPLICATION ';"6’3';";' s or ageat’s file reference

International spplication No. International filing date (dayimonthiyear) | (Earliest) Priority date (dayinanth/ear)
PCT/GB2004/003154 18/07/2004 25/07/2003
Title of invention

Drilling Method

BoxNo. 1l APPLICANT(S)

Nune and address: "'.m,:..',:‘.a"_;?"‘f‘*“"‘“ Telephone No.

BP EXPLORATION OPERATING COMPANY LIMITED Facsimile No.

Cherisey Road

Sunbury on Thames Telepriater No.

Middlesex, TW16 7BP .
United Kingdom Applicant’s registration No. withthe Offica
Stete (that iy, country) of nationality: State (that is, country} of residence:

GB GB

Nome and eddress: (Faniy name followad by givn nane; for o legol ety full offcial desigration. The addresy vt inclule poxtel cods end s o cowary)
BP CORPORATION NORTH AMERICA INC
4101 Winfield Road
Warrenville
{flinois 60555
United States of America

Stute (that Is, coumiry) of nationality: State (that Ls, couniry) of residence:
us us

Name and address: (Fanily mone followed by given ﬁl*mﬂﬂm The kit st inchele postod coade ord nome of counrry)

ALBERTY, Mark William
2918 Rosemary Park Lane
Houston

Texas 77082

United States of America

State (that is, country) of pationality: Stxte (that Is, comntry) of residence:
Us US

—_—

@ Further applicants are indicated on & confinuation sheet.

Forma PCT/IPEA/401 (first sheel) (Jamuary 2004) -~ . Sew Notes to the demand form



International application No.

2
ShectNo. .= PCT/GB2004/003154

Contlouation of Box No. 51 APPLICANT(S)
If none of the follawing sub-baxes is uved, this shewt should not be inclated in the derand.

Name and eddress: (Fomlly nomne Gliowed by given nowe; for o legnl entity, full official desigrotion The addres st bnchade pogtal code and moame of cowwry,)

ASTON, Mark Shelton
35 Fairfax Road
Teddington

Middlesex TW11 9DJ
United Kingdom

State (that Is. country) of nationality: State (that is, coxntry) of residence:
GB GB

Name and address: (Fandy nows flowed by given nome: for a legal ety fill oficial desigration. The addes must include pased coe and name of cavery,)
McLEAN, Michael Richard

8 Riverfield Road

Staines

Middlesex TW18 2EE

United Kingdom

Stiute (that iz, country) of mationality: State {that Is, country} of residence:
GB GB

Name and address: (Fanily aone follwed by piven mane; for o legol ently, fisl official designation. The adkiress mast include pogial cods ol e of caary)}

State (hat s, country) of nationality: ' State (ihas s, country) of residence:

Name and addreas: (Famwily e lowed by given mows; for o laged entity, Sl official designatln.  The akdrezs vt incheds postel eode and nome of cory)

Stmic (hat is, cownrryy of astionality: State (that s, country) of residence:

[[] #wtber applicants arc indicated on another continustion sheet.

Form PCT/IPEA/AD1 (continuation sheet) (Janmary 2004) See Notes io the demond form
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3 Intemational application No.
Shuet Na. .7 PCT/GB2004/003154

Bax No. Il AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE

The following person is ~ [p] agent [7] common representative
and IZ' has been appointed earlier and represents the epplicant(s) also for intermational preliminary examination.
D is hereby appointed and any carlier appointment of (an) ageni(s)/common representative is hereby revoked.

[ ] is hereby appoiated, specifically for the procedure before the Intemytiona! Preliminary Examining Authority, in sddition o
the ngmt(lgeomun representative appoinied earlier.

Name and address: (Family naue followed by given name; for a legal entity. full official designation. | Telephone No.

COLLINS, Frances Mary Facsimile No.

BP Intemational Limited 01932 762388

Patents & Agreements Teleprinter No.

Chertsey Road, Sunbury on Thames,

Middlesex, TW16 7LN, United Kingdom Agent s registration No. with the Office

Address for corvespordence: Mark this check-box whem no t or comynon iative in'bhas been inted and the
D lpmnbmeiudmmdbinﬁmelwﬁdmnwhmnwrm‘hm opo

Bax No.IV BASIS FOR INTERNATIONAL PRELIMINARY EXAMINATION

Statement concernlag amendments:*

1. The applicant wishes the international preliminary examination 1o start on the basis of:
[X] the international application as criginally filed
the description  [X] s originally filed

as amended ander Article 34

the claims as originally filed
as amended under Article 19 {together with sny sccompanying statement)

as amended under Article 34

the drawings as originally filed

as amended under Asticle 34

OO C3C0Rs O

2. D The applicsmt wishes any amendment to the clrims under Article 19 to be considered as reversed.

) The i wishes the start of the international prelininary exsmination te be e until the expimtion of the
D wpplicable time limit under Rule 69. 1(d). C postpon

4, The icant expressly wishes the intermational preliminary examinstion te start earller than st the expirstion of the
D appli time limit under Rute 54bls.1(s). P

*  Where no check-box is marked, intemational preliminary examinstion will start on the basis of the intemational spplication
&s o7 iml:iﬁhdw.whueopyofmmdmwlhechmmdum 19 end/or xmendmenta of the international spplication
under Article 34 are received by the Internationsl Preliminary Examrining Authority before it has begun to dosw up 8 written opinion
or the inlemstional preliminary examination report, as 5o amended.

Langunge for the purposes of interustional preliminary examination: E“Q.I'Sh .......................................
which is the Janguage in which the internstional application wes filed.
[[] which is the Janguage of & translation fizrnished for the purposes of international scarch.
[[] which is the language of publication of the intemational application.
[] which is the Ianguage of the translution (to be) fumished for the purpoacs of international preliminary examination.

Bex No.V ELECTION OF STATES

The filing of this demand constitutes-the election of all Contracting States which are devignated and are bound by Chapter 11 of the
PCT. -

Form PCT/IPEA/401 (second sheet) (January 2004) See Notes 10 the demand form
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Intcrnational application No.
Sheet No. . 4
- PCT/GB2004/003154
Box No. V1l CHECK LIST
The demand is accompanied by the following elements, in the language referred to in For International Preliminary
Box No. IV, for the purposcs of international preliminary examinution: Examining Authority use only
received Dot received

1. translation of internarional application sheets |:I O
2. amendments under Article 34 sheets [ O
3. copy {or, where required, translation) of

amendments under Article 19 shects O O
4. copy (or, where required, translation) of

statement under Article 19 sheets O D
5. letter sheets d J
6. other fspecify) theets - O

The demnand is glso accompanied by the item{s) marked below:
1. )] fec calculation sheet _ 5.[] swtement explaining fack of signature
2.[] original separatc power of attorney ) 6.[] sequence listing in computer readsbie form
3.[J original geneal power of attomey 7.[] tables in computer readable form refated to a
4.[] copy of general power of attomey; listing
reference mmbss, if any: 8.[] other fapeciy:

Box No. YII SIGNATURE OF APPLICANT, AGENT OR COMMON REPRESENTATIVE

Next 1o each signature, indicete the noe of the person signing and the copaclly ix which the person slpra (ff such copacily s ot obrvicsy from reading the demand).

For Intemational Preliminary Examining Authority use only
L. Date of actual receipt of DEMAND:

2. Adjusted date of receipt of demand due
to CORRECTIONS under Rule 60.1(b):

3,[:' mmﬁmdhm“mm 6. D The date of receipt of the demmnd s AFTER the
expintion of 19 months from the priority date lnd of the time limit vnder Rule 54bis. 1{a) and
item 4 or 5, below, does not apply. item 7 or 8, below, does not apply.

[[] Thespplicant has been informed accondingly. | 7, 1= . The dateof receipt of the dewnand is WITHIN the time
Jimmit under Rule 54bls.1(s) as extended by virtue of

4.D The dete of receipt of the demand is WITHIN the tie Rule 80.5
Bimitof 19 from the priarity date xs extended
by virtue of Rule 80.5. Mlhmphll:efthofﬁofh#u:ﬁt
. Altbough the of the demand is after the o time limit under Rule S4bis.1(a
3 D of‘lh;‘:lLﬂl the nnty'chte.llle m-:nnlnﬂxw&ﬂbmnhmu

ylnmnlll‘CUSEmeamthRulell

For Intermational Buresu use only
Desnand received from IPEA on:

Form PCT/IPEA/401 (Isst sheet) (Jarmary 2004) See Notes to the demand form
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CHAPTER II

PCT

FEE CALCULATION SHEET

Annex to the Demand

- For International Preliminary Examining Authorily use only  wem
International

application No. PCT/GB2004/003154
Applicants or '““‘:0061 | Date stamp of the IPEA
Applica

BP Exploration Operating Company Limited

CALCULATION OF PRESCRIBED FEES

1. Preliminary examination fee I 1530.00| »

2. Handling lee {Applicanis from ceriain Siatey are
entitled 10 a reduciion of 75% of the handling
Whore the applicant is (or all applicants a

z::mgsmuuum-mwmqrg l _129.00m
3. Total of prescribed fees
o ot ol in o TOTAL b e 1659.00
TOTAL
MODE OF PAYMENT
II - I- * l ' - M

E nccount with I.?: IPEA (wee bn;w) D
D cheque D revenue stamps
D postal money order D coupons
D bank drefl |:| other (3pectfy):

AUTHORIZATION TO CHARGE (OR CREDIT) DEFOSIT ACCOUNT
(Tkis mode of payment may not be available at all IPEAs)

weasEP
[] Authorization t charge the total foes indicated above. _ Deposit Acoount No.: 28050129
[ (This check-bax muy be marked only if the condivions for pae- 18th February 2005
deposit accounts of the IPEA so permit) Authorization to
charge my deficiency or credit any overpaymant ia the Name: Christine Gravenell
total fees indicated above.
Signatore: G&i ouendp

Form PCT/IPEA/401 (Anpex) (January 2004) Sce Notex to the fee calculation sheet
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PATENT CO PERATION TREATY

INTERNATIONAL PRELIMINARY Exaumrnc'xlfrﬁ;im ' PCT

BP EXPLORATION OPERATING COMPANY LIMITED et al.

To:
COLLINS, Frances Mary m ““ -
BP INTERNATIONAL LIMITED NOTIFICATION OF RECEIPT
Patents & Agreements - ‘?r DEMAND BY COMPETENT INTERNATIONAL
Chertsey Road 1 el Pl P© PRELIMINARY EXAMINING AUTHORITY
Sunbury-on-Thames L e "‘"’Tpcr Riles 59.3(¢) and 61.1(b), firmt sentence
Middlesex TW16 7LN and Administrative Ingtructions, Section 601(a))
GRANDE BRETAGNE
Date of muiling
(day/month|year) 02-03-2005
Applicant’s or agent’s file reference IMPORTANT NOTIFICATION
10061
International application No. International filing date (day/month/year) Pricrity date {dey/month/year)
PCT/GB2004/003154 1970772004 25/07/2003
Applicant

l. The applicant is hercby motified thal this Internaticnal Preliminary Bxamining Authority considers the following date as the
date of receipt of the demand for intemational preliminary examination of the international application:

21/02/2005

2.  This date of receipt ix
W[ the actusl date of receipt of the demand by this Authority (Rule 61.17° ).
[] the sctual date of receipt of the demand on behalf of ths ¢+ s tuls 593(e))

the date on which this Authority has, in reg)” »or o correct defects in the demand
{(Form PCT/IPEA/404), recelved the required corrections.

3 EIATrlN'HON:mdmofndpthﬂwunmﬂmomemﬂuhmdlepﬁwiwdllf.('.‘mnqmlly.in
of some Offices, the demand dees not have the i
ﬂnrinrilydm[whurinm()ﬂh- (Arl:iie”(l)l).m the acts for entry into the nati phase must therefore be
periormed within 20 months from the priority date {or in some Ofices). Hewever, in raapeet of some other Offices,

applicable time limits, Offlce by Office, see the PCT Applicans's Guide, Volume 11, National Chapters and the WIPO
Internet site.

D { if spplicable) This notification confirms the information given by telephone, facximile transmission or in person
on:

4. Only where paragraph 3 applies, & copy of this notification has been sent to the International Bureau.

respect
ufpﬂmin;ﬂnmuyhuthnmr:!sh.unﬂlmmnmﬁm

the time limk of 30 months (or later) may nevertheless apply. See the Annex to Form PCT/1B8/301 and, for detalls about the

o5 Plten;,%
Nume and mailing address of the IPRA/ Authorized officer
Europesan Patent Office
O 70059, 23980, Tx: 523655 epmu o ATMALE MURILLO J
et Pax: (+49-89) 2399-4445 Tel {-+49-89) 1399-8059
'Form PCT/IPRA/402 (April 2002; reprint January 2004) 2EA272005)

n
~



FAILLNI CUUNEKAIIUIY IXLA T X . “"““‘-"V'"‘x

From the INTERNATIONAL BUREAU SSD\

PCT ~
a4
INFORMATION CONCERNING ELECTED COLLINS, Frances, Mary* A !
OFFICES NOTIFIED OF THEIR ELECTION BP Intemational Limitad -
Patents & Agreemants
Charstsey Road P
Sunbury on Thames - 19 APR 2005
(PCT Article 31(7) and Rule 61.3) Middiesax TW16 7LN
ROYAUME-UN!
Dats of mailing (day/mondyyear) — R
14 April 2005 (14.04.2005)
Applicant's or agent's file reference
10061 IMPORTANT INFORMATION
Imemnational application No. Imemational filing date {day/monsh/year) Priorily dale {dawinonth/year)
PCTAGB2004/003154 19 July 2004 (19.07.2004) 25 July 2003 (25.07.2003)
Applicant

BP EXPLORATION OPERATING COMPANY LIMITED et al

1. The spplicent is barehy inforved thet the Istersational Buresa has, acconding o Articls 31(7). natified each of the following QOffices of itw elaction-

EP: AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FL FR, GB, GR, HU, IE, IT, LU, MC, NL, PL, PT, RO, SE, SI, SK,
TR
Natiounal: BG, CA, CN, CZ, DH, JP, KP, KR, MN, NO, PL, RO, RU, SK, US
2. The following Offices have waived the requirament for the aatification of their election; the sotification will be sent to them by the Internaziona] Burean

ouly upon their request:

AP: BW, GH, GM, KE, LS, MW, MZ, NA, SD, SL. SZ, TZ, UG, ZM, ZW

EA: AM, AZ BY,KG,KZ,MD,RU, TI, TM

OA: BF, BJ, CF, CG, C1, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG

Natihoma): AE, AG, AL, AM, AT, AU, AZ BA, BB, BR, BW, BY, BZ, CH, CO, CR, CU, DK, DM, DZ, BC, EE, EG,

aB GB,GH,GM, HR,HU,ID, I, IN, IS, KE,. KG, KZ LC,LK, LR, LS,LT, LU, LV, MA, MD,

NA.NI.NZ.OM.PG PH, PT, SC, SD, SE, SG, SL, SY, T], TM, TN, TR, TT, TZ, UA,

3. &uahduum(l)m(m)nlhhﬁnhmuﬂ!nuhﬁmlh ity date, the spplicant i reminded that he tumt ester the "astiopal
ﬂl-'hf-elhulﬂmhl 30 months firems the &Hﬂlndld'lh Esind sbove. This musl be done by puying the nationsl fee(s)
md fornishing, if o trumalation of the | spplication (Article 33(1)(u)), as weil as, whero spplicsbic, by furnishing a translation of «y
mdummmmmmﬁqmndhmmmﬂ(Amd-mxb)ndmul).

Soms Offices have Gxed time limits expiring Later than the above-mostitbed time Limit. Seo the Annax to Form PCT/IB/A0! aad, for deiails abont the
qmliuﬂii::i;iﬁu.mhmghmwGn'ﬁ.Vdmﬂ.NninlChqlﬂ:.lI-ftTﬂmﬁnnﬂhmmme.
updated regulary.

The Inmemational Buresn of WIPO Autharized officer
S o Nora Lindrer

Pacsimile No.+41 22 740 14 35 . Faczimile No.+41 22 338 89 65
Form PCT/1B/332 (Jarmary 2004)
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From the
INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY

133

To: . "
Reseiveio iy T PCT
COLLINS, Frances Mary
BP INTERNATIONAL LIMITED
Patents & Agreements -7 JUN NGTIFICATION OF TRANSMITTAL OF
Chertsey Road THE INTERNATIONAL PRELIMINARY
Sunbury-on-Thames REPORT ON PATENTABILITY
Middlasex TW16 7LN
GRANDE BRETAGNE _ (PCT Rule 71.1)
' Dato of malling
{dayinonthirear) 06.06.2005
Applicant's or agent's file reference
10061 IMPORTANT NOTIFICATION
Intemational application No. International flling data {dayinonthiear) Priorily dale {dayinonthjear)
PCTAaB2004003154 19.07.2004 25.07.2003
Appliicant

BP EXPLORATION OPERATING COMPANY LIMITED et al.

1. The applicant is hersby notified that this International Preliminary Examining Authority transmits herewith the

intemnational preliminary report on patentability and its annexes, if any, established on the international
application. .

2. A copy of the report and its annexes, if any, is being transmitted 10 the International Bureau for
communication to all the elected Offices.

3. Where required by any of the elected Offices, the Intemational Bureau will prepare an English translation of
the report {but not of any annexes) and will transmit such translation to those Dffices.

4. REMINDER

The applicant must enter the national phase before each elected Office by performing certain acls {filing
translations and paying national fees) within 30 months from the priority date (or later in some Offices)
(Article 38(1)) (see also the reminder sent by the Intemational Bureau with Form PCTAB/301).

Where a translation of the intemational application must be fumishad to an elected Office, that translation
must contain & translation of any annexes o the intemational preliminary report on patentability. It is the
applicant's responsibility to prepare and furnish such translation directly to each elected Office concemaed.

For further details on the applicable time limits and requirements of the elected Offices, see Volume Il of the
PCT Applicant's Guide. )

The applicant's attention is drawn to Article 33(5), which provides that the criteria of novelty, inventive step
and industrial applicability described in Article 33(2) to (4) merely serve the purposes of international
preliminary examination and that "any Contracting State may apply additional or different criteria for the
purposes of deciding whether, in that State, the claimed inventions is patentable or not" (see also Article
27(5)). Such additional critetid may relate, for example, to exemptions from patentability, requirements for
enabling disclosure, clarity and support for the claims.

Name and malling addresas of tha intémational Authorized Ofiicer

praliminary examining authodty: f’“ﬂ
European Patent Office Ipinazar, P ! Q) '\
Tol. +49 89 2399 - 0 Tx: 523656 epmu d Tal. +49 89 2399-8131 Y f

Fax: +49 89 2399 - 4465

Form PCTAPEA/416 (January 2004)



PATENT COOPERATION TREATY

PCT

NOTIFICATION CONCERNING
SUBMISSION OR TRANSMITTAL
OF PRIORITY DOCUMENT

(PCT Administrative Ingtructions, Section 411)

FL 1 /B 2UUa/0038 154

From the INTERNATIONAL BUREAU

cGles

:—
Q

To:

COLLINS, Frances, Mary
BP International Limited
Patents & Agreements
Cherstsey Road
Sunbury on Thames

Middlesex TW16 7LN
United Kingdom
Date of mailing (day/month/yesr)
22 October 2004 (22.10.2004)
Applicant’s or agent’s flle reference
10061 IMPORTANT NOTIFICATION

international application No.

International filing date {day/monthvyear)

PCT/GB2004/003154 19 July 2004 (19.07.2004)
intemational publication date (day/monthlysar) Prlority date (dey/month/year)
Not yet published 25 July 2003 (25.07.2003)

Applicant

BP EXPLORATION OPERATING COMPANY LIMITED et al

1. By means of this Form, which replaces any previously issued notificetion conceming submissipn or transmiital of priority
documents, the applicant Is heraby natified of the date of receipt by the international Bursau of the priority document(s}

relating to all earller application{s) whase priority is deimed. Unless otherwise indicated by the letters "NR", in the
right-hand column or by an astarisk appearing next to a date of receipt, the priority document concerned was submitted or
transmitted to the Imternational Bureau in compliance with Rule 17.1({a) or {b).

. (i applicable) The lstisrs "NR" appearing in the right-hand column denote » priority doourmant which, gn the date of malling

o this Form, had not yet beon recsived by the iInternational Buresu undsr Rule 17.1(a) or {b). Where, under Rule 17.1(s} , the
priority dooument must be submitted by the applicant to the receiving Offics or the intemational Bureau, but the applioant
falls to submit the priarity document within the applicsble tima limit under thet Rule, the sttengion of the applicent is directad
to Rule 17.1{c) which provides that no dJasignated Office may disregard the priority claim cancerned before giving the
applicant an opportunity, upon entry into the national phase, to furmish the priority document within a time limit which is
reasonable under the circumstanoes.

(¥ applicable) An astarisk(") appoaring next to a dets of receipt, In the right-hand column, denotes e priority document
submitted or transmittad to the Internations] Burseu but not in sompliance with Rule 17.1{s) or {b) {the priority dooument
was recaived after the time limit prescribed in Rule 17.1{s) or the request to prepars and tranamit the priority document was
submitted to the receiving Office after the applicable time limit under Rula 17.1(b})). Even thaugh the priority dooument was
not fumished in compliance with Rule 17.1(a) or (b}, the International Bursau will nevertheless transmit a copy of the
document to the designated Offices, for their consideration. In case such a copy is not  accepted by the desighsted Offios
as priority dooument, Rule 17.1(c) provides that no designated Office may disregard the priority claim conoerned before
giving the applicant an opportunity, upon entry into the netional phase, to fumish the priority document within a time limit
which is ressonable under the circumstances.

Prigrity d Prioti lication Na. Count ianal Off D { |
of PCT recaiving Office of priority docyment
25 July 2003 (25.07.2003) 60/489,917 us 14 Sept 2004 {14.09.2004)
The Interngtional Bureau of WIPO Authorized afficer
34, chamin des Colombettes Sylvie SOBEZYNSKI
1211 Geneva 20. Switzeriand
Faosimile No. (41-22) 338.89.66 Telephona No. {41-22) 338 8087

Form PCTAB/304 (January 2004) 008479508
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REQUISITOS NECESARIOS PARA PRESENTACION Y AGHLIZACIOY DE:
TRAMITE

_ ( Ususgio  RADICADUR
PATENTE DE INVENCION 7[2/(/ MODELO DE UTILIDAD () Ly

- Indicaclén de que se solicita lx’Concesion de una patente. .

- Datos de Identificacion del solicitante o de (a persona ¢jue se presenta la solicifud. ( )

- Descripelén de la Invencion, {)

- Dibujos de sarastos pertinentes. { )
Comprobante de Pago de las tasas sstablecidas.

g

COMPLETA }) INCOMPLETA ( ) i

DISENO INDUSTRIAL ( )

- Indicacion de que se solicita el registro de Disefio industrial () )
- Datos de identlficacion del solicitante o de la persona que presenta { } { )
- lasollcitud.
- Representecion grafica o fotografica del Diseno Industriai o muestra del
Materlal que Incorpora el disefo. () )
Comprobarite de pago de las fasas establecidas { ) V)
COMPLETA () INCOMPLETA () (1}

ESQUEMA DE TRAZADO ()

- Indicacion de que solicita el registro de un Esquema de frazado. () { )
- Datos de Identiflcaclon del solcitante o de |a persona que presenta
La sollciud. () ()
Representacion grafica del esquema de irazado { ) ()
‘Comprobante de pago de las tasas estailecidas. { ) ( 3
COMPLETA () INCOMPLETA { ) ()

Firma Responsable:

Fecha:




REPUBLICA DE COLOMBIA
SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
Bogotk,
2020

Doctor {a) q,'»

RODRIGUEE DILIA MARIA

REFERENCIA Radicaclén No. 6 6387
Solicitud intermacional GB2004/03154
Fecha iniclo fase nacional 27/02/2006

Trémite 11

Evento 375 7 1
Actuacidn 430 G
Oficio No. N 3

Como resultado del examen de forma, realiszado con fundamento an el articulo 38 de
la Decleifn 4686 de la ComisiSn de la Comunidad Andina, articulo 27 del Tratado de
Cooperaciin en Materia de Patentes (PCT), regla 51 bis del Reglamento y Cirxrcular
Unica de la Buperintendencia de Industria y Comercio, se le comunica que:

1. La s8ollcitud no contiene la copia del documento en gque consta la cesifén del
derecho a la paitente del inventor al sclicitante o a su causante. [(Art. 26-k)
Decisiém 486.

2, La solicitud no contiene el poder debidamente otorgado por la sociedad BP
CORPORATION NORTH AMERICA INC., con el lleno de los requisitos exigidos por los
articulos 63 y pubsigulentes del CHdigo de Procedimiento Civil. Adicionalmente,
deberi presentar el documento que acredita la existencia y representaciém legal de
la sociedad solicitante.

En cumplimiento de lo dispuestoc por el articulo 39 de la Decisidn 486, se le
requiere para que dentro del término de dos meses siguientes a la fecha de
notificacién del presente oficio, complete loa requlsitos anteriormente enunciados.
En caso de no dar cumplimiento al presente requerimiento, la solicitud se
considerari abandonada y perderfi su prelacidn.

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal
a), del capitulo to titulo primerc de la Circular Unica No.10 de 2001.

ALIX CARMEN BPEDES DE VERGEL
Jefe de la divisién de Nuevas Creaciones

El anterior requerimiento fua notificado por fijacién en 1lista de
fecha : ‘Iz m m
adpall : * :

6



