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ABSTRACT

A reduced abrasion drilling fluid system and method of
drilling a borehole by circulating the reduced abrasion
drilling fluid through the borehole is disclosed. The
reduced abrasion drilling fluid comprises a drilling fluid,
a first additive and a weighting agent, wherein the
welghting agent has a particle size of at least 90% by

volume less than 50 um.
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TITLE
REDUCED ABRASION DRILLING FLUID

BACKGROUND OF THE INVENTION
[0001] This invention relates to drilling fluids and
methods for drilling boreholes. More particularly, the
invention relates to reduced abrasion thermally stable
drilling fluids which include a first additive that absorbs
onto the surface of the weighting agent thus reducing
abrasion.
[0002] The rotary drilling of a borehole is accomplished by
rotating a drill string having a drill pipe and a drill bit
at 1ts lower end. Weight is applied to the drill bit while
rotating to create a borehole into the earth. The drill is
hollow and sections are added to the drill string to
increase 1ts length as the borehole is deepened. This
rotary drilling process creates significant amounts of
friction which produces heat along with fragments of
strata.
[0003] The drilling fluid or mud primarily functions as a
medium to carry these fragments of strata or cuttings
produced by the drill bit to the surface. Additionally,
the drilling fluid serves as a lubricant for the bit and

the drill string, and prevents the ingress of formation

fluids such as 0i1l, gas and salt water into the borehole

while drilling proceeds.

[0004] O1l based drilling fluids are used worldwide in on
shore and off shore drilling locations. 0Oil based drilling
fluids are utilized because of their capacity for shale
inhibition, their high lubricity, their ability to

biodegrade in aerobic and anaerobic environments and for
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their tendency to maintain rheologic properties at high
temperatures and high pressures. For these reasons, o1l
based muds are used to drill deep subterranean wells.

[0005] In order to prevent the collapse of the borehole and
ingress of formation fluids while drilling deep
subterranean wells using oil based muds, hydrostatic
pressure in the fluid column must be maintained. The
hydrostatic pressure must be maintained throughout the
fluid column to the bottom hole. The pressure 1s
maintained by increasing the density of the drilling fluid
through the addition of high concentrations of weighting
agents. These weighting agents are generally in the form
of finely divided solids of a material which has a high
intrinsic density.

[0006] High concentrations of weighting agents increase the
adverse rheologic properties, such as plastic viscosity
(Vp), of the drilling fluid. The high concentrations of
weighting agents also reduce the amount of cuttings the
drilling fluid can transport. The concentration of the
welighting agent 1s related to i1ts specific gravity. If the
specific gravity of the weighting agent 1s low the
concentration of the weighting agent in the drilling fluid
will be higher.

[0007] For example: A drilling fluid mud with a density of
12 ppg (pounds per gallon) 1s split into two samples.

Sample 1 includes a weighting agent of barite with a

specific gravity of 4.2. Sample 2 includes a weighting
agent of calcium carbonate with a speciflc gravity of 2.4.
Sample 1 with the weighting agent of higher specific
gravity and thus the lower concentration of weighting agent
in the mud will produce better rheological properties than

Sample 2 with the lower specific gravity of weighting agent

2
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and thus the higher concentration of weighting agent in the
mud .

[0008] To create a drilling fluid with excellent

rheologic properties, weighting agents of higher density and

higher specific gravity are employed. Minerals with high

speclific gravities are hard and abrasive. These properties
lead to erosion of drilling equipment such as mud pumps,
directional tools and drill strings.

[0009] It 1s therefore clear that the need remains for a
reduced abrasion drilling fluid that is stable at high

temperatures and high pressures.

SUMMARY OF TH.

Lt}

DISCLOSURE

[0010] The present specification discloses a reduced
abrasion oil based drilling fluid that is stable at high
Cemperatures and high pressures.

[0011] The present specification further discloses a
method for drilling a borehole which comprises circulating a
reduced abrasion o1l based drilling fluid that 1s stable at
high temperatures and high pressures through the borehole.
[0012] According to the present invention a reduced
abrasion o1l drilling fluid system 1s provided which
comprises a drilling fluid, a first additive and a weighting

agent, wherein the weighting agent has a particle size at

least 90% by volume less then 50 um.
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[0012a] In accordance with one aspect of the present
invention, there is provided a reduced abrasion drilling
fluid system comprising a drilling fluid, a welghting agent,
and a first additive selected from the group consisting of a
polymer, a copolymer, a monomer and mixtures thereof,
wherein the weighting agent has a particle size distribution
of at least 10% by volume less than about 2 um, of at least
50% by volume less than about 15 um, and of at least 90% by
volume

[0012D] In accordance with another aspect of the present
invention, there is provided a method for drilling a
borehole into the ground comprising the steps of: making a

reduced abrasion o1l based drilling fluid by mixing an o1il,

an organophilic clay, a wetting agent, lime, a fluid loss

control agent, a viscoslty increasing agent, a polar
activator, a weighting agent, and a first additive, wherein
the first additive 1s an o1l soluble polymer selected from
the group consisting of styrene polymer, styrene copolymer,
butadiene, 1soprene, lisoprene copolymer, styrene-butadiene,
copolymer styrene-butadiene, methacrylate, isobutylene,
polyisobutylene and mixtures thereof, wherein the welghting

agent has a particle size distribution of at least 10% by

volume less than about 2 um, of at least 50% by volume less
than about 15 yum, and of at least 90% by volume less than
about 38 um; and circulating the reduced abrasion oil based

drilling fluid through the borehole.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] A detailed ‘description of preferred embodiments of

the present invention follows, with reference to the

attached drawings, wherein:
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[0014] Figure 1 graphically compares the abrasiveness of
a drilling fluid of the present disclosure with weighted oil

based drilling fluids.
[0015] Figure 2 graphically compares the erosion profile

of a drilling fluid of the present disclosure with weighted

o1l based drilling fluids.

DETAILED DESCRIPTION
[0016] The present disclosure relates to a thermally

stable drilling fluid system comprising a welighting agent

with particle sizes of at least 90% by volume less than 50

um and a first additive which serves to provide enhanced

thermal stability of the drilling fluid and excellent fluid

loss control under both high temperature and high pressure

conditions. This disclosure 1s related to US Patent Number
5,883,054,
[0017] In accordance with the present disclosure a

welighting agent 1s 1incorporated into a drilling fluid. The
drilling fluid may be o0il based. The o0il used in oil
drilling fluids may comprise gasoill, mineral oil, diesel,
synthetic o01l, vegetable 0i1l, their derivatives and

combinations thereof.

[0018] The weighting agent may be any hard, non-hydrate

mineral having a specific gravity of about 4.3 or higher and
a hardness on a Mohs scale of at least 4.3. Non limiting
welghting agents that may be used in the present disclosure

include calcium carbonate, barite, celestite, galena,

hematite, i1lmenite, goethite, 1ron oxides and mixtures

thereof. For example the weighting agent may be a non-

hydrated hematite with a specific gravity between about
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4.8 g/cc and about 5.2 g/cc, such as ORIMATITA® which is a
trademark for a hematite product registered by Petrdleos de
Venezuela, S.A. (PDVSA) with a specific gravity between 4.8
g/cc to 5.1 g/cc.

[0019] The first additive may be a polymer, a copolymer, a
monomer or mixtures thereof. The first additive reduces
abrasion by increasing the viscosity of the drilling fluid
or by absorbing on to the irregular surface of the
weighting agent. The first additive may be any oil soluble
polymer such as styrene polymer, styrene copolymer,
butadiene, isoprene, isoprene copolymer, styrene-butadiene,
copolymer styrene-butadiene, methacrylate, 1sobutylene,
polyisobutylene and mixtures thereof. Generally, the first
additive may be any polymer that is soluble 1in oil, such as
INTOIL®-P which is a trademark for a 1, 3 butadiene styrene
copolymer product registered by Petrdleos de Venezuela,
S.A. (PDVSA) .

[0020] A particularly useful first additive 1s styrene-
butadiene copolymer that is added to the drilling fluid 1in
an amount of about 1 pound per barrel (ppb) of drilling
fluid to about 6 ppb of drilling fluid, for example first
additive may be added to the drilling fluid in the amount
of about 2 ppb to about 4 ppb. The styrene-butadiene
copolymer used in the present disclosure may have a styrene
content of about 10%, preferably about 23% and an average
molecular weight of greater than about 10,000 g/mol,
preferably greater than about 500,000 g/mol.

[0021] The first additive absorbs to the surfaces of the
smaller particle sized weighting agent to fill and smooth
rough surfaces of the weighting agent thus reducing the
abrasiveness of the drilling system by increasing the

rheological properties and improving the loss fluid control

>
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of the drilling system. A weighting agent particle size of
at least 90% by volume, D(.0.9), less than 50 (pm) microns
has been proven effect with i1mproved results as the
particle size of the weighting agent 1s reduced.

[0022] Weighting agent particle sizes that have been proven
effective include weighting agents with a particle size of
from about 1 micron to at least D, 0.9y less than 38 + 1.5
microns, i.e. about 36.5 microns to about 39.5 microns. The
particle size distribution may contain at least D(y,0.1) Of
the weighting agent in the range of less than 2 + 1.5
microns, at least D 0.5y 0of the weighting agent 1n the range
of less than 15 + 1.5 microns, and at least D .9y Of the
weighting agent in the range of less than 38 + 1.5 milcrons.
Effective weighting agent particle sizes also 1nclude
particle sizes where at least 85% by weight (w/w) of the
weighting agent passes through a 325 mesh screen,
preferably where about 90% w/w to about 92% w/w of the
weighting agent passes through a 325 mesh screen, and where
at least 98% of the weighting agent passes through a 200
mesh screen.

[0023] According to the present disclosure, a drilling
fluid system is provided which includes o0i1l, a weilghting
agent, a first additive, a second additive, lime and
organophilic clay.

[0024] The organophilic clay for use in the drilling system
is a clay selected from the group consisting of hectorite,
bentonite and mixtures thereof.

[0025] The second additive may comprise at least one of the
following: an emulsifier, a wetting agent, a fluid loss
control agent, a viscosity increasing agent, a polar

activator, barite, and combinations thereof.
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[0026] Suitable emulsifiers and wetting agents 1nclude
surfactants, i1onic surfactants such as fatty acids, amilines,
amides and organic sulphonates, and mixtures of any of these
with non-ionic surfactants such as ethoxylated surfactants.

[0027] Suitable fluid loss control agents include o1l

soluble polymers, such as styrene-butadiene copolymer,

oxidized asphalt, gilsonite™ or amine-treated lignite and

the like.

[0028] Suitable polar activators include carboxilate
anionic emulsifiers, oxidized tail oil fatty acids,

condensed amines and the like.

[0029] Table 1

Froduct 16.5 op
Viineral (il , ppb 1898 1898
Chvganophilic <lay, ppb & 8
Wetting apent, ppb 2 '
Eime, ppb < 2
Fluid loss control agent, ppb % 8
Polay Actlvator, ppb 6 &
Barite, ppb
ORIMATITA®, ppb 4771 4070
First Addinve, ppb - 3.5
[0030] The composition of the drilling fluids or muds

used in the present disclosure are shown 1n Table 1.
Products and concentrations are listed 1n the order they are

added to the mix. The components are mixed to create a

weighted oil based drilling fluid.

[0031] Table 2
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16.5 ppg
P A/B AB
roperties it DRIMATITAR +
ORIMA .

. JHIMATIT AR First Additive
Plastie 33/42 $2/45
Viscoaiy, op
Yield pont, N .

10 sex gel, - C it
b/ 100 51, . S50 11710
10 mun gel | "

vie IE 4 5
[b/100 sq R e 27123
6O rpm reading Ry 1t17 118/106
300 rpm reading 50475 66761
20X rpm reading 40062 4843
1041 Tpm reading 29447 2HIS
O rpm reading [ 7526 B
3 rpm reading PG/25 76
.Ahmgf‘vt:mm, 0.6575 00035

I8 T

A {(After)/B (Before) aging at 250 °F

16 hr

[0032] As can be shown by Table 2, the 16.5 pound per
gallon (ppg) fluid prepared from the compositions detailed
in Table 1 shows a reduced abrasiveness of the ORIMATITA®
weighted drilling fluid when the ORIMATITA® weighted
drilling fluid is combined with a first additive, such as
INTOIL®-P. The abrasiveness test with modifications was
run as described in API-RP13I. The test was modified to
include a whole 01l mud instead of a bentonite suspension
and the test was performed with a time of 40 minutes.
[0033] An ASTM D4172 four ball abrasion test was performed
on various 16 ppg drilling fluids. The standard ASTM D4172

test was modified to include a whole 01l mud instead of o1l
based grease, the test time was 30 minutes and the
CLemperature was set at 150 °F.

[0034] The results are detailed 1n FIG. 1. The scar
abrasive wear of weighted drilling fluid with a weighting
agent, such as ORIMATITA®, comprising a particle size

distribution of at least 90% in volume under 48 microns



CA 02684264 2011-11-25

(D(v,0.9y ©f 48 um) 1, weighted drilling fluid D ¢.9y ©of 30 pum
2, welghted drilling fluid Dy 4.9y of 30 pum with a first

additive, such as polyisobutylene (isobutylene and isoprene
copolymer) a commercial viscosity index improver 3, and
welghted drilling fluid Dy . ¢.9) ©f 30 um with a first
additive, such as INTOIL®-P 4 were performed. FIG. 1 shows
that the weighted mud abrasiveness 1 was drastically reduced
as the particle size of the weighting agent was reduced 2
and the abrasiveness was even further reduced with an

addition of a first additive 3 and 4.

[0035] In FIG. 2 the erosion rate vs. the fluid velocity

1s shown. As can be seen, the erosion rate of a D, .9y Of

48 pm weighted drilling fluid 5 1s drastically higher than

the erosion rate of a D(,,09.9y 0f 38 um weighted drilling

fluid 6. FIG. 2 shows both weighted drilling fluids 5 and 6

erode at a faster rate then the weighted o0il based drilling

fluid which incorporates a first additive 7.

[0036] The reduced abrasion drilling fluid of the present

disclosure enhances the rheological properties of the

dri1lling fluid. The reduced abrasion drilling fluid of the

present disclosure 1s stable at temperatures up to 400°F and

pressures up to 22,000 psi (pounds per sguare inch).

[0037] The scope of the claims should not be limited by

the preferred embodiments set forth in the examples, but

should be given the broadest interpretation consistent with

the description as a whole.
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CLAIMS:

1. A reduced abrasion drilling fluid system comprising a
drilling fluid, a weighting agent, and a first additive
selected from the group consisting of a polymer, a
copolymer, a monomer and mixtures thereof, wherein the
welighting agent has a particle size distribution of at least
10% by volume less than about 2 um, of at least 50% by

volume less than about 15 um, and of at least 90% by volume

less than about 38 um.

2. A reduced abrasion drilling fluid system of claim 1,
wherein at least 85% w/w of the weighting agent passes

through a 325 mesh screen.

3. A reduced abrasion drilling fluid system of claim 1 or
2, wherein about 90% w/w to about 92% w/w of the weighting

agent passes through a 325 mesh screen.

4 . A reduced abrasion drilling fluid system of any one of
claims 1 to 3, wherein at least 98% w/w of the weighting

agent passes through a 200 mesh screen.

5. A reduced abrasion drilling fluid system of any one of
claims 1 to 4, wherein the weighting agent 1s a hard non

hydrated mineral.

6. A reduced abrasion drilling fluid system of any one of
claims 1 to 5, wherein the weightlng agent 1s selected from
the group consisting of calcium carbonate, barite,

celestite, galena, hematite, ilmenite, goethite, iron oxides

and mixtures thereof.

7. A reduced abrasion drilling fluid system of any one of

claims 1 to 6, wherein the weighting agent has a hardness on

a Mohs scale of at least 4.3.

10
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8 . A reduced abrasion drilling fluid system of any one of

claims 1 to 7, wherein the weighting agent has a specific

gravity of at least 4.3 g/cc.

9. A reduced abrasion drilling fluid system of any one of
claims 1 to 8, wherein the weighting agent is non-hydrated

hematite with a specific gravity between about 4.8 g/cc and

about 5.2 g/cc.

10. A reduced abrasion drilling fluild system of any one of

claims 1 to 9, wherein the drilling fluid comprises oil and

an organophilic clay.

11. A reduced abrasion drilling fluid system of any one of
claims 1 to 10, wherein the oil comprises gasoill, mineral

oil, diesel, synthetic o0il, vegetable o0il and combinations

thereof.

12. A reduced abrasion drilling fluid system of any one of
claims 1 to 10, whereln the organophilic clay is selected
from the group consisting of hectorite, bentonite and

mixtures thereof.

13. A reduced abrasion drilling fluid system of any one of

claims 1 to 12, wherein the drilling fluid further comprises
at least one additional second additive selected from the

group consisting of emulsifiers, wetting agents, fluid loss
control agents, viscosity increasing agents, polar

activators and mixtures thereof.

14. A reduced abrasion drilling fluid system of claim 13,
wherein the wetting agents comprise surfactants, 1lonic

surfactants and non ionic surfactants.

11
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15. A reduced abrasion drilling fluid system of claim 14,
wherein the wetting agents are selected from the group
consisting of fatty acids, amines, amides, organic

surfactants, ethoxylated surfactants and mixtures thereof.

16. A reduced abrasion drilling fluid system of claim 13,
wherein the fluid loss control agents are selected from the
group consisting of styrene-butadiene copolymer, oxidized

asphalt, gilsonite™, amine-treated lignite and combinations

thereof.

17. A reduced abrasion drilling fluid system of claim 13,
wherein the polar activators are selected from the group
consisting of carboxilate anionic emulsifiers, oxidized tail

o1l fatty acids, condensed amines and combinations thereof.

18. A reduced abrasion drilling fluid system of any one of

claims 1 to 17, wherein the first additive 1s an oil soluble

polymer.

19. A reduced abrasion drilling fluid system of any one of
claims 1 to 18, wherein the first additive is selected from
the group consisting of styrene polymer, styrene copolymer,
butadiene, 1isoprene, 1soprene copolymer, styrene-butadiene,

copolymer styrene-butadiliene, methacrylate, i1sobutylene,

polyisobutylene and mixtures thereof.

20. A reduced abrasion drilling fluid system of any one of
claims 1 to 19, wherein the first additive is a copolymer
styrene-butadiene with a molecular weight of greater than

about 10,000 g/mol.

21. A reduced abrasion drilling fluid system of claim 20,
wherein the copolymer styrene-butadiene has a styrene

content of about 10%.

12
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22. A reduced abrasion drilling fluid system of any one of
claims 1 to 19, wherein the first additive 1s a copolymer

styrene-butadiene with a molecular weight of greater than

about 500,000 g/mol.

23. A reduced abrasion drilling fluid system of claim 22,
wherein the copolymer styrene-butadiene has a styrene

content of about 23%.

24. A reduced abrasion drilling fluid system of claim 1,
wherein the first additive increases the rheological

properties and improves the loss fluid control of the

system.

25. A reduced abrasion drilling fluid system of claim 1,

wherein the first additive maintains the rheological and

fluid loss control properties of temperatures up to 400°F

and pressures up to 22,000 psi.

26. A reduced abrasion drilling fluid system of claim 1,

whereiln the first additive is present in an amount between

about 1 ppb to about 6 ppb.

27. A reduced abrasion drilling fluid system of claim 1,
wherein the first additive is present in an amount between

about 2 ppb to about 4 ppb.

28. A method for drilling a borehole into the ground

comprising the steps of:

making a reduced abrasion o1l based drilling fluid by
mixing an o1l, an organophilic clay, a wetting agent, lime,
a fluid loss control agent, a viscosity increasing agent, a
polar activator, a weighting agent, and a first additive,
wherein the first additive 1s an 01l soluble polymer
selected from the group consisting of styrene polymer,

styrene copolymer, butadiene, 1isoprene, 1lsoprene copolymer,

13
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styrene-butadiene, copolymer styrene-butadiene,
methacrylate, isobutylene, polyisobutylene and mixtures
thereof, wherein the weighting agent has a particle size

distribution of at least 10% by volume less than about 2 pum,

of at least 50% by volume less than about 15 yum, and of at

least 90% by volume less than about 38 pm; and

circulating the reduced abrasion oil based drilling

fluid through the borehole.

14
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