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INVERT DRILLING FLUIDS

The invention relates generally to invert drilling fluids and more
specifically to environmentally friendly drilling fluids whose oil phase includes linear

alpha-olefins having from about 14 to 30 carbon atoms.

Historically, first crude oils, then diesel oils and, most recently,
mineral oils have been used in formulating invert drilling fluids (oil based muds).
Due to problems of toxicity and persistence which are associated with these oils, and
which are of special concern in off-shore use, the industry is developing drilling fluids
which use "pseudo-oils” for the oil phase. Examples of such oils are fatty acid esters
and branched chain synthetic hydrocarbons such as polyalphaolefins. Fatty acid ester
based oils have excellent environmental properties, but drilling fluids made with these
esters tend to have lower densities and are prone to hydrolytic instability. Poly-
alphaolefin based drilling fluids can be formulated to high densities, have good
hydrolytic stability and low toxicity. They are, however, somewhat less
biodegradable than esters, they are expensive and the fully weighted, high density
fluids tend to be overly viscous. U.S. Patent 5,096,883 discloses the use of such
branched chain synthetic, hydrogenated oils which have the advantage, over most
natural petroleum base oils, of being considered ".non-toxic" in that they pass the
standard "Ninety-Six Hour Static Bioassay" test for mortality of mysid shrimp. The
toxicity of natural oils is indicated to be due to the presence of aromatics and n-olefins

in such oils.

We have now found that less expensive drilling fluids having excellent
technical and environmental properties can be formulated by using linear alpha-olefins
(n-olefins) as a part of or all of the base oil phase. Contrary to the suggestion in U.S.
5,096,883, the linear a-olefins having carbon numbers of C,, and above were found to
have a sufficiently low toxicity so as to pass the mysid shrimp toxicity testing

standards.
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In accordance with this invention there is provided an invert drilling
fluid which comprises a water-in-oil emulsion which includes (a) at least 50 volume
percent of a low toxicity base oil, and (b) at least one additive selected from the group
consisting of emulsifiers, viécosiﬁers, weighing agents, oil wetting agents and fluid
loss preventing agents, at least about 25 volume percent of the base oil content of the
drilling fluid being one or more linear alpha-olefins having from about 14 to 30
carbon atoms.

Also provided is a method of lubricating a drill pipe when drilling a
well, which method comprises circulating an invert drilling fluid throughout a
borehole while simultaneously rotating a string of drill pipe having a drill bit on its
lower end in contact with the bottom of the base hole so as to reduce the friction
between the pipe and the sides of the borehole and to remove cuttings from the
borehole, wherein said invert drilling fluid comprises a water-in-oil emulsion which
includes (a) at least 50 volume percent of a low toxicity base oil, and (b) at least one
additive selected from the group consisting of emulsifiers, viscosifiers, weighing
agents, oil wetting agents and fluid loss preventing agents, at least about 25 weight
percent of the base oil content of the drilling fluid being one or more linear alpha-

olefins having from about 14 to 30 carbon atoms.

Invert drilling fluids contain at least 50 volume %, and typically about
65 to 95 volume %, of a base oil as the continuous phase, no more than about 50
volume % of water, and various drillihg fluid additives such as emulsifiers, .
viscosifiers, alkalinity control agents, filtration control agents, oil wetting agents and
fluid loss preventing agents. The base oils usually have kinematic viscosities of from
about 0.4 to 6.0 mm?s at 100°C. According to this invention, at least about 25
volume percent and, preferably, 75 volume percent or more of the base oil comprises
one or more linear alpha-olefins having from about 14 to 30 carbon atoms and,
preferably, from about 14 to 20 carbon atoms. The preferred linear alpha-olefins and

mixtures thereof, such as Cy4, C,456, Cia4, and Cyq,5, are commercially available
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from Ethyl Corporation. Such alpha-olefin products are derived from Ziegler chain
growth and may contain up to about 40 wt. percent, based on the total olefin content,

of vinylidene and/or linear internal olefins.

Using the linear alpha-olefins has the advantage of lowering the
viscosity of the mud to provide improved pumpability in use when compared to, for -
example, muds which use polyalphaolefin oils (PAO’s) such as hydrogenated 1-decene
dimer, whose kinematic viscosity of 1.8 mm?*/s at 100°C is higher than optimum. In
contrast, the 100°C viscosities Cy, to C, linear alpha-olefins range from about 0.85 to
2.85 mm?s. The linear alpha-olefins also have better biodegradability compared to
the PAO’s which have a branched chain structure. The linear alpha-olefins can be
used either alone or in combination with other low-toxicity base oils such as, for
example, low-toxicity mineral oils, esters and PAQO’s to improve the performance of
the drilling fluid and/or lower costs.

The physical and environmental properties of séme linear alpha-olefin
(LAO) oils, and mixtures of the linear alpha-olefin oils with other low toxicity base
oils, compared to two low toxicity mineral base oils and a PAO base oil, are reported

in Table I wherein the percentages of each oil in the base oil are in volume percent.
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It can be seen from the data reported in Table I that the linear alpha-
olefin oils have excellent toxicity and aquatic biodegradability properties. Their
physical properties are suitable for drilling fluids and the flash points at comparable
viscosities are superior to lbw-toxicity mineral oils.

The CEC (Coordinating European Council) L33 T82 protocol was
developed to determine the persistence of 2-stroke outboard engine oil in aquatic
environments. In recent years, results from this test have been applied more broadly.
The test is fast becoming a standard for aquatic biodegradability for water insoluble
materials. Note that this test is not a test of "ready biodegradability" but
"comparative biodegradability.” These terms are tightly defined by regulatory bodies.

The CEC L33 T82 test procedure is summarized as follows: Test
flasks, together with poisoned flasks, (each in triplicate) containing mineral medium,
test oil and inoculum are incubated for 0 to 21 days. Flasks containing calibration
materials in the place of the test oil are run in parallel. At the end of the incubation
times, the contents of the flasks are subjected to sonic vibration, acidified, and
extracted with CCl, or R113. The extracts are then analyzed by Quantitative IR
Spectroscopy, measuring the maximum absorption of the CH,-band at 2930 cm™. The
biodegradability is expressed as the % difference in residual oil content between the

test flasks and the respective poisoned flasks at day 21.

The Microtox ECs, Standard Particulate Phase (SPP) test procedure is
summarized as follows: ~Bioluminescent bacteria are exposed to progressively
increasing concentrations of the test article. The calculated concentration at which
their light emissions are decreased by 50% is referred to as the EC50 or the Effective
Concentration 50. SPP is the preferred EPA method of preparing drilling fluids for
toxicity assays. The drilling fluid is diluted 1:9 in artificial sea water, mixed for 5
minutes, pH adjusted, and then allowed to settle. The aqueous phase is treated as the
undiluted test article.
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Table II provides additional toxicity results for drilling muds, which

contain 10% base oil in EPA’s Generic Mud #7, according to the 96 hour LCs, mysid

shrimp acute toxicity test wherein the percentages of each oil in the base oil are in

volume percent.

The NPDES (National Pollutant Discharge Elimination System)
standard for discharge into the Gulf of Mexico is an LCs, > 30,000 ppm (SPP, mysid
shrimp, 96-hour acute toxicity). Drilling muds which meet this standard are

considered to be non-toxic.

PCT/US94/05304

TABLE I

96-Hour LCs, in Mysidopsis bahia® (in ppm of the SPP)

oil LCs,
75% E162 PAO > 480,000
25% C,4C,s LAO
50% E162 PAO 289,000
50% C,C,s LAO
25% E162 PAO 213,000
75% CysCys LAO
C, LAO 44,700
Clairsol 350 M Oil 8,600
Cy,Cy LAO! 27,200
C,,Cys LAO? 19,500

! Typically about 3/28/28/23/18 wt. % C,/C12/C.4/Dy/Cys, with 15 mol % linear

a-olefin

2 Typically about 62/37/1 wt. % C12/Cl4/C16 With 87 mol % lineaf a-olefin

3 The mud tested is 10% Base 0il/90% EPA Generic Mud #7
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As shown in the data presented in Table II, the toxicities of comparison
muds made with the mineral oil Clairsol 350 M oil, and linear alpha-olefin oils which
contained material having less than 14 carbon atoms, e.g. C,ZCZG, and C,.C,s mixtures
failed to meet > 30,000 ppm SPP standard established by NPDES for ocean disposal,

Besides the oil phase, the drilling fluid of the invention has a water
phase of up to 50 volume percent, (preferably about 5 to 35 volume percent) which
contains up to about 35 to 38 wt. %, (preferably about 20 to 35 wt. %) of sodium or
calcium chloride. The water in oil emulsion is formed by vigorously mixing the base
oil and oil together with one or more emulsifying agents. Various suitable emulsifiers
are known in the art and include, for example, fatty acid soaps, preferably calcium
soaps, polyamides, sulfonates, triglycerides, and the like. The fatty acid soaps can be
formed in situ by the addition of the desired fatty acid and a base, preferably lime.
The emulsifiers are generally used in amounts of from about 1 to 8 kilograms per

cubic meter of drilling fluid.

The drilling fluids also include, as known in the art, one or more
additives such as viscosifiers, weighing agents, oil wetting agents and fluid loss
preventing agents to enable the fluids to meet the needs of particular drilling
operations. The additives function to keep cutting and debris in suspension, provide
the required viscosity, density and additive wetting properties to the fluid, and prevent
the loss of liquids from the fluid due to the migration of the liquids into the

formations surrounding the well bore.

Clay and polymer viscosifiers such as, for example, bentonite and
attapugite (which are sometimes reacted with quarternary ammonium saits),
polyacrylates, cellulose derivatives, starches, and gums can be used in amounts of

from about 0.5 to 5 kilograms per cubic meter of drilling fluid.
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The density of the drilling fluid can be increased by using weighing
agents such as barite, galena, iron oxides, siderite and the like, to give densities

ranging from about 950 to 2400 kilograms per cubic meter of drilling fluid.

In order to assist in keeping solid additives in suspension in the drilling
5 v fluid, oil wetting agents, such as lecithin or organic esters of polyhydric alcohols, can

be added in amounts of up to about 4 kilograms per cubic meter of driiling fluid.

Fluid loss agents, such as organophilic humates made by reacting
humic acid with amides of polyalkylene polyamines, act to coat the walls of the bore

hole and are used in amounts of up to about 7 kilograms per cubic meter of drilling
10 fluid.

The invention is further illustrated by, but is not intended to be limited

to, the following example.

Example 1
Four oil base (invert mud) drilling“ﬂuids were formulated using various
15 ~ linear alpha-olefin (LAO) containing base oils according to the following formulation:
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Base Oil, mL o 262
30% aqueous CaCl,, mL 88
VERSAMUL?®, g emulsifier 3
VERSAWET®, g wetting agent ¢ 4
VG-69®, g viscosifier 3 5
Lime, g ' 10

! VERSAMULS is a blend of emulsifiers, wetting agents, gellants, and fluid
stabilizing agents. It requires the addition of lime which affords a calcium soap.
It is a primary additive in "conventional" invert mud systems.

2 VERSAWET® is a wetting agent, based on fatty acids.

* VG-69% is a viscosifier and gelling agent. It is a bentonite-based organophilic
clay.

*  Products of MI Drilling Fluids Co.

A finished invert mud would also contain enough barite to give the density
needed for a particular bore hole. The characteristics of the formation through which
the bore hole is drilled would also dictate whether the mud would require a fluid loss

control agent.

The properties of the drilling fluids are reprinted in Table III below wherein
the percentage of each oil in the base oil are in volume percent. Although the
formulations were not optimized, the linear alpha-olefin containing oils formed stable

- emulsions, and each responded to the viscosifier.



PCT/US94/05304

WO 94/28087

uipeal [eIp I9)OWODSIA UUR]
(sinoy 91 10j D,T°LO1) d,STT 1 P10 10H
3uijjo1-joy a10J9q anfea feniu]
auaoap-] woyy uyejoeydrediod 791 gOTITAHLA
ugajo-eydre Jesur] wnWuW 9% [ow 09 YIM %A1 m Aq % 01/6€/SS Moqe AjredrdAy,
uryojo-eydfe Jesur| wnwiuiw 9 [ow Of YIm *'D Im 966 noqe AjeotdA ],

N e T wn O

I

162 87T 0€T 44 wue 182 SLT €L1 A ‘AqeIs ey
/1 /1 1/0 1/ 1/1 1/1 /1 1/1 2 001/4] ‘W3uang [¢0D
I I I 1 I z 1 (4 A4 001/41 wutod pRIX
$'6 6 S0l 01 (Al 6 S v dd ‘AysodsiA ouseld
SL'0 SL'O SL'0 S0 SL'O S0 SL'0 SLO 3uipeay [e1q wdi ¢
SL0 L0 SL'0 S0 I S0 SL'O SLO 3uipeay [e1q wdi 9
SL'E S'€ 14 14 SL'¥ SL'E ST ST 3urpeay el wdr 001
S'L SL 8 8 S8 YA 14 14 duipeay rerq wdi 007
S0l 01 SI1 11 €1 11 9 9 3uipesy re1q wdr 00¢
(174 61 (44 1T ST 0z 11 01 gdutpeay rerq wdr 9
cIH I cdH I cdH I cdH | {P3110Y 10H
OV 57D %6L OV1¥0 %08 | 0V1**'3 %SC
OVd %ST OVd %08 {OVd %SL No) 78 o) aind

[0 (OV'D) uyaO-eyd|V Jesur] yim pajejnuiiog Spn HoAuf Sdwis Jo 3unsay

I H'1dV.L

- 10 -



WO 94/28087 PCT/US94/05304

What Is Claimed Is:

1. An invert drilling fluid which comprises a water-in-oil emulsion which
includes (a) at least S0 volume percent of a low toxicity base oil, and (b) at least one
additive selected from the group consisting of emulsifiers, viscosifiers, weighing

5 agents, oil wetting agents and fluid loss preventing agents, at least about 25 volume
| percent of the base oil content of the drilling fluid being one or more linear alpha-

olefins which have from about 14 to 30 carbon atoms.

2. The fluid of claim 1 wherein said linear alpha-olefins have from about
16 to 20 carbon atoms and at least about 75 volume percent of the base oil content is

10 one or more linear alpha-olefins.

3. The fluid of claim 1 in which the base oil comprises one or more linear
alpha-olefins and a hydrogenated polyalphaolefin oil.

4. The fluid of claim 1 wherein said fluid contains from about 65 to 95
. volume % base oil and said base oil has a kinematic viscosity at 100°C of from about
15 0.4 to 6.0 mm?/s at 100°C.

5. The fluid of claim 1 wherein said fluid contains from about 1 to 8

kilograms per cubic meter of fluid of an emulsifier.

- 11 -
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6. A method of lubricating a drill pipe when drilling a well, which method
comprises circulating an invert drilling fluid throughout a borehole while
simultaneously rotating a stﬁng of drill pipe having a drill bit on its lower end in
contact with the bottom of the base hole so as to reduce the friction between the pipe
and the sides of the borehole and to remove cuttings from the borehole, wherein said
invert drilling fluid comprises a water-in-oil emulsion which includes (a) at least 50
volume percent of a low toxicity base oil, and (b) at least one additive selected from
the group consisting of emulsifiers, viscosifiers, weighing agents, oil wetting agents
and fluid loss preventing agents, at least about 25 volume percent of the base oil
content of the drilling fluid being one or more linear alpha-olefins which have from
about 14 to 30 carbon atoms.

7. The method of claim 68 wherein said linear alpha-olefins have from
about 16 to 20 carbon atoms and at least about 75 volume percent of the base oil

content is one or more linear alpha-olefins.

8. The fluid of claim 6 in which the base oil comprises one or more linear

alpha-olefins and a hydrogenated polyalphaolefin oil.
9. The fluid of claim 6 wherein said fluid contains from about 65 to 95
volume % base oil and said base oil has a kinematic viscosity at 100°C of from about

0.4 to 6.0 mm%s at 100°C.

10. The fluid of claim 6 wherein said fluid contains from about 1 to 8

kilograms per cubic meter of fluid of an emulsifier.

- 12 -
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