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A method of processing a return oll-based drilling fluid includes centrifuging a primarily fluids phase at a first speed and separating
the primarily fluids phase into a first effluent and a first residual, centrifuging the first effluent at a second speed and separating the
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phase, the first effluent, the second effluent, and the third effluent.
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DRILLING FLUID PROCESSING
BACKGROUND

Background Art

[0001] In the drilling of wells, a drill bit is used to dig many thousands of feect into the
carth's crust. Oil rigs employ a derrick that extends above the well drilling platform. The
derrick supports joint after joint of drill pipe connected end-to-end during the drilling
operation. As the drill bit 1s pushed further into the earth, additional pipe joints are added
to the ever lengthening "string" or "drill string”. Therefore, the drill string typically
includes a plurality of joints of pipe.

[0002] Fluid "drilling mud" is pumped from the well drilling platform, through the drill
string, and to a drill bit supported at the lower or distal end of the drill string. The
drilling mud lubricates the drill bit and carries away well cuttings generated by the drill
bit as 1t digs deeper. The cuttings are carried in a return flow stream of drilling mud
through the well annulus and back to the well drilling platform at the earth's surface.
When the drilling mud reaches the platform, 1t 1s contaminated with small pieces of shale
and rock that are known 1n the industry as well cuttings or drill cuttings. Once the drill
cuttings, drilling mud, and other waste reach the platform, separation equipment 18 used
to remove the drill cuttings from the drilling mud, so that the drilling mud may be reused.
The remaming drill cuttings, waste, and residual drilling mud are then transferred to a

holding container for immediate or future disposal.

[0003] Due to increasing environmental concerns and escalating disposal costs, there i1s
growing incentive to reduce the volume of drilling wastes. At many drilling locations
reserve pits are used to store drilling waste during land-based drilling operations. In
certain arcas that primarily use invert-emulsion drilling fluids, the waste drilling fluids
stored 1n the reserve pits may contain hydrocarbons, solids material including colloidal
particles, and free-water. In certain reserve pits, weak oil-in-water emulsions might also

be present.
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[0004] Despite many valuable contributions from the art, it would be beneficial to

develop systems and methods that efficiently process oil-based return drilling fluids.

SUMMARY

[0003] In one aspect, embodiments disclosed herein relate to a method of processing a
return oil-based drilling fluid including dividing the return oil-based drilling fluid into a
primarily fluids phase and a primarily solids phase; centrifuging the primarily fluids
phase at a first speed and separating the primarily fluids phase into a first effluent and a
first residual; centrifuging the first effluent at a second speed, the second speed higher
than the first speed, and separating the first effluent into a second effluent and a second
residual; and centrifuging the second effluent at a third speed, the third speed higher than
the second speed, and separating the second effluent into a third effluent and a third

residual.

[0006] In another aspect, embodiments disclosed herein relate to a method of processing
a return oil-based drilling fluid including adding a volume of a base o1l fluid to the return
oil-based drilling fluid, wherein the ratio of the volume of base o1l fluid added to a
volume of the return o1l-based drilling fluid 1s between about 0.1 and 0.4; mixing the base
oil fluid with the return oil-based drilling fluid to form a diluted return oil-based drilling
fluid; adding a surfactant to the diluted return oil-based drilling fluid; and adding a
polymer to the diluted return oil-based drilling fluid.

[0007] In another aspect, embodiments disclosed herein relate to method of processing a
return oil-based drilling fluid including adding a base o1l fluid to a primarily solids phase
of the return oil-based drilling fluid, wherein a ratio of a volume of the base o1l fluid
added to a volume of the primarily solids phase 1s between 0.1 and 0.2; separating the
primarily solids phase into diluted separated fluids and separated solids; adding a wash

water to the separated solids; and removing treated solids from the wash water.

[0008] This summary is provided to introduce a seclection of concepts that are further

described below 1n the detailed description. This summary 1s not intended to identify key
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or essential features of the claimed subject matter, nor 1s 1t intended to be used as an aid

in limiting the scope of the claimed subject matter.

BRIEF DESCRIPTION OF DRAWINGS

[0009] Figure 1 1s a diagram of a system for processing oilficld waste in accordance with

embodiments of the present disclosure.

[0010] Figure 2 is a diagram of a system for processing oilfield waste in accordance with

embodiments of the present disclosure.

[0011] Figure 3 is a flow chart of a method of processing a return oil-based drilling fluid

in accordance with embodiments of the present disclosure.

[0012] Figure 4 is a flow chart of a method of processing a return oil-based drilling fluid

in accordance with embodiments of the present disclosure.

[0013] Figure 5 is a flow chart of a method of processing a return oil-based drilling fluid

in accordance with embodiments of the present disclosure.

DETAILED DESCRIPTION

[0014] In one aspect, embodiments disclosed herein relate to systems and methods for
processing oilfield waste. Specifically, embodiments disclosed herein relate to systems
and methods for processing a return oil-based drilling fluid. More specifically,
embodiments disclosed herein relate to systems and methods for separating solid and

liquid phases of o1l-based drilling fluids.

[0013] Referring initially to Figure 1, a system for processing oilfield waste in
accordance with embodiments of the present disclosure 1s shown. A drilling fluid used
downhole during drilling of a wellbore 1s returned to the surface of the well at a drilling
site 100. In one embodiment, the drilling fluid may be an o1l-based drilling fluid; 1n other
embodiments, the drilling fluid may be a water-based drilling fluid or a synthetic-based
drilling fluid. While reference herein 1s made to an oil-based drilling fluid, one of
ordinary skill 1n the art will appreciate that a water-based or synthetic-based drilling fluid

may be processed with systems and methods 1 accordance with the present disclosure.
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[0016] In one embodiment, a return drilling fluid may be directed from a drilling site 100
to a mixing tank 104. A volume of base fluid may be added to the return drilling fluid to
dilute the return drilling fluid. In one embodiment, the return drilling fluid 1s a return o1l-
based drilling fluid. Accordingly, the base fluid added to the return oil-based drilling
fluid 1s a base o1l fluid. One of ordinary skill in the art will appreciate that the base oil
fluid may 1nclude various base oils, for example, diesel, mineral oi1l, kerosene, etc. In
some embodiments, the base o1l fluid may be the same base o1l fluid as the base o1l of the
return drilling fluid. In this embodiment, the processed return oi1l-based fluid may then be
reused downhole after processing. The base o1l fluid 1s mixed with the return oil-based

drilling fluid to form a diluted return oil-based drilling fluid.

[0017] In one embodiment, the volume of base oil fluid added to the return oil-based
drilling fluid 1s selected such that the base o1l fluid added effectively breaks the emulsion
of the return oil-based drilling fluid to allow for wetting of the cuttings. For example, 1n
one embodiment, the ratio of the volume of the base o1l tfluid added to the volume of the
return o1l-based drilling fluid 1s greater than about 0.3. In other embodiments, the ratio of
the volume of the base o1l fluid added to the volume of the return oil-based drilling fluid
1S 1n a range of about 0.2 to 0.4, or a range of about 0.1 to 0.15, or a range of about 0.3 to
1.5. In yet other embodiments, the volume of the base o1l fluid added to the volume of
the return oil-based drilling fluid 1s approximately 1.0. In still other embodiments, the
volume of the base o1l fluid added to the volume of the return oil-based drilling fluid 1s

approximately 0.5.

[0018] After the base oil fluid is added to the return oil-based drilling fluid a surfactant
and/or polymer may be added to the mixing tank 104. In one embodiment, a surfactant
may be added to the diluted return o1l-based drilling fluid to water wet particulate matter
entrained within the return oil-based drilling fluid. Surfactants which may be used 1n
accordance with the present disclosure may include anionic, cationic and nonionic
surfactants. The surfactant may be a low benzene or benzene-free surfactant. In some
embodiments, the surfactant may be an oil-based stripping agent, for example a surfactant
comprising 50% by weight D-Limonene and 50% by weight glycol. Other example

surfactants may include sulfosuccinates, sulfosuccinamates, polyoxyethylene sorbitol
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fatty acids, sorbitan sesquioleate, polyoxyethylene sorbitan trioleate, sorbitan
monooleate, polyoxyethylene (20) sorbitan monooleate, sodium dioctylsulfosuccinate,
oleamidopropyldimethyl amine, sodium 1sostearyl-2-lactate, polyoxyethylene sorbitol
monooleate or mixtures thereof and the like. Other surfactants known 1n the art, for

cxample, those disclosed in U.S. Patent Nos. 7,338,608, and 7,381,332, which are

incorporated herein, may also be used.

[0019] In some embodiments, a polymer may be added to the diluted return oil-based
drilling fluid after the surfactant 1s added to the diluted return oil-based drilling fluid. In
other embodiments, the polymer may be added to the diluted return oil-based drilling
fluid before the surfactant 1s added. In yet other embodiments, the surfactant and
polymer may be added simultancously. The polymer may be added to promote the
formation of tlocs, which may then be more readily separated from the diluted return oil-
based drilling fluid. Various polymers may be injected into the return drilling fluid
depending on the particular constitution of the drilling waste. Examples of polymers that
may be used include cationic flocculants and petroleum distillates, as well as other
flocculants capable of aggregating colloids entrained 1n the drilling waste, thereby
allowing separation processes to remove the solids from the drilling waste. In some
embodiments, the polymer may comprise a water-based blend of polyelectrolytes and

surface active imntermediates.

[0020] In one embodiment, the polymer may be a dry polymer. In this embodiment, the
polymer may be hydrated before adding the polymer to the return oil-based drilling fluid
by mixing water with the polymer in dry form. In one embodiment, the dry polymer may
include a cationic water-soluble polymer. In some embodiments, the dry polymer does

not contain metals or hydrocarbons.

[0021] The polymer may be hydrated by any system or method known in the art. For
example, a feeder (e.g., a hopper with a screen and a rotating disc) may be connected to a
polyductor 102, as disclosed in U.S. Patent No. §,002,991, incorporated by reference
herein. Polyductor 102 may include a high efficiency eductor designed specifically for

dry polymers. Generally, polyductor may generate a high vacuum airtflow to transport
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dry polymer flocculant from the rotating disc of feeder. In such a system, polyductor
may be connected to the feeder and may receive dry polymer therefrom. The polyductor

may also be fluidly connected to a water supply line.

[0022] The polyductor may dilute the dry polymer using water accelerated in a high
cfficiency nozzle. The high velocity water flow may generate a vacuum by entraining air
as 1t exits the nozzle. The high speed collision 1n the polyductor between the polymer
granules and the water stream may allow dispersion of the polymer granules. Thus, use
of the polyductor, as described above, may result in faster hydration and minimize the

aging time for polymer activation.

[0023] In one embodiment, as dry polymer enters the polyductor, a water regulation
valve may control the flow of water into the polyductor. In the polyductor, the water
mixes with the dry polymer, and the resultant solution may be dispersed into an aging
tank. In the aging tank, the polymer may age in accordance with the time requirements of
the polymer being used. After proper aging, the polymer may be injected into the diluted
return oil-based drilling fluid. The mnjection of the polymer into the used drilling fluid
may be controlled by a programmable logic controller (PLC) to regulate the dispersion of
the polymer into the return drilling fluid by controlling a polymer pump, a positive

displacement pump, and/or a diaphragm pump.

[0024] In other embodiments, a water-in-oil emulsion comprising a polymer may be
added to the return oil-based drilling fluid. The water-in-o1l emulsion may include a
polymer derived from at least one water-soluble monomer. In this embodiment, the
polymer 1s not substantially solubilized or dissolved prior to contact with said return oil-
based drilling fluid. The polymer in the water-in-oil emulsion may be cationic, anionic,
or nonionic. Examples of water-soluble monomers that may be used include cationic,
anionic or non-ionic monomers such as (alkyl)acrylamide, (alkyl)acrylic acid, N-
vinylpyrrolidone, N-vinylacetamide, N-vinylformamide, acrylonitrile, furmaric acid,
crotonic acid, maleic acid, hydroxyalkyl methacrylates, 2-acrylamido-2-alkylsulfonic

acids wherein the alkyl group contains 1 to 6 carbon atoms, styrene sulfonic acids, vinyl
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sulfonic acids; and salts of any of the foregoing thercof;, or monomers as described 1n

U.S. Patent Nos. 7,338,608 and 7,381,332.

[0025] In some embodiments, a cationic polyacrylamind emulsion may be added to the
return oil-based drilling fluid. In one embodiment, a emulsion may include 0-5% by
welght hexanedioic acid, 25.66-26.06% by weight distillates, petroleum, hydrotreated
light, 39-41% by weight ethanaminium, N.N.N.-trimethyl-2-[(1-0x0-2-propenyl)oxy]-,
chloride, polymer with 2-gropenamide, 1.77-2.17% by weight alcohols, C12-14-
secondary, cthoxylated, and 0-5% by weight 1, 2, 3-propanctricarboxylic acid, 2-
hydroxy-.

[0026] In other embodiments oil-in-water emulsions comprising a polymer may be used.
Other flocculants and/or coagulants may also be used, including for example, 1norganic
coagulants including aluminum- and 1ron-based coagulants, such as aluminum chloride,
poly(aluminum hydroxy)chloride, aluminum sulfate, ferric sulfate, terric chloride, etc and
combinations thercof. Still other coagulants may include water-soluble organic polymers
that may be cationic, anionic, or non-1onic. Examples of cationic monomers may include
diallyl dialkyl ammonium halides and dialkylaminoalkyl (meth) -acrylates and -
acrylamides, (as acid addition or quaternary ammonium salts). In a particular
embodiment, the coagulant may include poly diallyl dimethyl ammonium chloride, while
in other embodiments, 1norganic coagulants such as poly(aluminum hydroxy)chlorides
may be used. Depending on the type of drilling waste being treated, the type of polymer
used may vary. Thus, 1n certain embodiments, the polymer maybe include a flocculant or
coagulant alone, while 1n other embodiments, combinations of flocculants and/or

coagulants may be used.

[0027] In still other embodiments, a water-based blend of a surfactant and a polymer may
be added to the return drilling fluid. For example, a water-based blend of two surfactants
and a polymer may be used to facilitate coagulation or flocculation of particulate matter.

Surfactants and polymers described above may be used 1n this embodiment.

[0028] Referring still to Figure 1, after the surfactant and/or polymer are added to the
diluted return oil-based drilling fluid, the diluted return oil-based drilling fluid 1s directed
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to a separator 106. The separator 106 separates a primarily solids phase from the return
oil-based drilling fluid. In one embodiment, the separator 106 i1s a centrifuge. The
centrifuge may include a decanting centrifuge which may include a bowl and conveyor
assembly disposed within the bowl. Commercially available examples of centrifuges
include the CD-500 Centrifuge and the 518 Centrifuge, both available from M-I L.L.C., a
Schlumberger Company, Houston, TX. In other embodiments, the separator 106 may be
a setthing tank or a coalescer. For example, in one embodiment, the diluted return oil-
based drilling fluid may be directed to a settling tank and remain 1n the settling tank for a
predetermined amount of time to allow water, solids, and o1l to separate out. Each phase
may then be separated. In another embodiment, the diluted return oil-based drilling fluid
may be directed to a coalescer, which includes a series of plates 1n a tank. As the diluted
return oil-based drilling fluid flows through the series of plates of the coalescer, the water
phase of the diluted return oil-based drilling fluid drags along the surface of the plates to
separate the water phase from the o1l phase. In yet other embodiments, hydro cyclones

may be used to separate phases of the diluted return oil-based drilling fluid.

[0029] A treated return oil-based drilling fluid may then be removed from the separator
106 and directed to a storage tank 108. The treated return oil-based drilling fluid may
then be returned to an active drilling fluud system for use downhole. In other
embodiments, the treated return oil-based drilling fluid may be added to a return oil-
based drilling fluid as the base o1l fluid discussed above. As such, the treated return oil-
based drilling fluid may be reused downhole as a drilling fluid or may be used as a base
oil to dilute a return drilling fluid from a drilling site 100. The solids phase removed

from the separator 106 may be disposed of as will be discussed 1n more detail below.

[0030] Still referring to Figure 1, in some embodiments, a first separator (not shown)
may be located at the drilling site 100 and receive a return oil-based drilling fluid from
the well and divide the return oil-based drilling fluid into a primarily fluids phase and a
primarily solids phase. The first separator may include, for example, a shale shaker. For
cxample, the first separator may be a scalping shaker to provide a coarse separation of
cuttings from the return drilling fluid. In other embodiments, other separators known 1n

the art, such as centrifuges, cyclones, filters, etc., may be used to provide an initial

3
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[0031]

0032]

[0033]

separation of the primarily solids phase and the primarily fluids phase of the return
drilling fluid. The primarily solids phase and the primarily fluids phase may then each be
processed separately. For example, the primarily fluids phase may be processed as
described above, by directing the fluids phase to a mixing tank 104, adding a base oil

fluid, and adding a surfactant and/or polymer to the primarily fluids phase of the return

oil-based drilling fluid.

In accordance with embodiments disclosed herein, a volume of base o1l fluid may
be added to the primarily solids phase of the return oil-based drilling fluid. One of
ordinary skill in the art will appreciate that the base oil fluid may be any base oil, for
example, diesel, mineral oil, kerosene, etc. In some embodiments, the base oil fluid may
be the same base o1l fluid as the o1l fluid of the return drilling fluid. The base o1l fluid 1s
mixed with the primarily solids phase of the return oil-based drilling fluid to form a

diluted primarily solids phase.

In one embodiment, the volume of base o1l fluid added to the primarily solids
phase of the return oil-based drilling fluid 1s selected such that the base o1l fluid added
cttectively breaks the emulsion of the return oil-based drilling fluid to allow for wetting
of the primarily solids phase. For example, in one embodiment, the ratio of the volume
of the base o1l fluid added to the volume of the primarily solids phase of the return oil-
based drilling fluid 1s greater than about 0.3. In other embodiments, the ratio of the
volume of the base o1l fluid added to the volume of the primarily solids phase of the
return oil-based drilling fluid 1s 1n a range of about 0.2 to 0.4, or a range of about 0.1 to
0.15, or a range of about 0.3 to 1.5. In yet other embodiments, the volume of the base o1l
fluid added to the volume of the primarily solids phase of the return oil-based drilling
fluid 1s approximately 1.0. In still other embodiments, the volume of the base o1l fluid
added to the volume of the primarily solids phase of the return oil-based drilling fluid 1s

approximately 0.5.

The diluted primarily solids phase 1s then separated by separator 102 1nto
separated solids 112 and diluted separated fluids. Separator 102 may include, for

example, shale shakers 102a, centrifuges 102b, augers, or other separatory devices known
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[0034]

[0033]

10036]

[0037]

in the art. One of ordinary skill in the art will appreciate that separator 102 may include
on¢ or more individual separators 1n series or parallel. In one embodiment, separator 102
may 1nclude a centrifuge 102b, specifically, a high speed vertical centrifuge or material
dryer. One example of a commercially available dryer 1s the Verti-G Dryer from M-I
L.L.C., a Schlumberger Company, Houston, Texas.

In one embodiment, the base oil fluid may be added to the primarily solids phase
before the primarily solids phase 1s directed to the separator 102. In other embodiments,
the base oil fluid may be added as the primarily solids phase enters the separator 102.
For example, the separator 102 may include one or more spray nozzles. As the primarily
solids phase 1s directed onto the separator 102, the one or more spray nozzles may spray

the base o1l fluid onto the primarily solids phase.

The diluted separated fluids may be directed from the separator 102 to mixing
tank 104. A surfactant and/or polymer may then be added to the diluted separated fluids

in the mixing tank 104 and processed as described above.

The separated solids 112 are directed from the separator 102 to a wash tank 114.
A wash water 1s added to the separated solids 112 to further remove o1l disposed on the
separated solids. The wash water may be water used by the drilling fluid system. In this
example, the wash water may be returned 122 to the drilling fluid system after washing
the separated solids 112. The wash water may include chemical additives to help release
entrained o1l on the separated solids. The wash tank 114 may mclude an auger to
continuously move the separated solids 112 through the tank 114 and to ensure proper

mixing of the separated solids with the chemical additives.

Chemical additives that may be used in the wash water include, for example,
surfactants, sodium silicate, zeolites, and other additives useful in the treatment of
drilling waste. In some embodiments, the wash water may include biosurfactants which
may 1nclude oil-digesting microbes. Such microbes digest organic contaminates on
surfaces and 1n soils and convert hydrocarbons, oils, and greases into non-toxic

compounds. Commercially available biosurfactants include REMEDY (Emergency Spill

Solution), product code 22005, and ENDURANCE, product code 22008, both from

10
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Bionex Environmental Technologies, Inc., Pearland, TX. In addition to microbes, the
biosurfactant may further include at least one surfactant. Other flocculants and/or
coagulants may also be used, including for example, morganic coagulants including
aluminum- and 1ron-based coagulants, such as aluminum chloride, poly(aluminum
hydroxy)chloride, aluminum sulfate, ferric sulfate, ferric chloride, etc and combinations
thereof. Still other coagulants may include water-soluble organic polymers that may be
cationic, anionic, or non-ionic. Examples of cationic monomers may include diallyl
dialkyl ammonium halides and dialkylaminoalkyl (meth) -acrylates and -acrylamides, (as
acid addition or quaternary ammonium salts). In a particular embodiment, the coagulant
may include poly diallyl dimethyl ammonium chloride, while 1n other embodiments,

inorganic coagulants such as poly(aluminum hydroxy)chlorides may be used.

[0038] Treated solids 116 may be removed from the wash tank 114 and disposed of. In
on¢ embodiment, a binding agent (for example, fly ash) may be added to the treated
solids to prepare the treated solids for use in construction 120. For example, the treated
solids may be conveyed to a pug mill mixer. Reagents may be stored m pressured tanks
or directed to the pug mill by cake hoppers. In some embodiments, water may be added.
The pug mill pulverizes and mixes the treated solids with one or more mixing paddles.
The mixed product, i.e., solidified cuttings, may then be moved to a storage arca to allow
the mixture to set. The mixture may then be used as a base for road or other construction.
To meet certain environmental standards, the solidified cuttings may need to meet the

parameter limitations provided 1n Table 1 below to be reused as road base material.

Table 1. Environments Limitations tor Use as Road Base Material

Parameter Limitation

Compressive Strength by Method Tex-126-E 35 psit minimum
SPLP by EPA Me¢thod 1312

Metals

Arsenic < 0.500 mg/l
Barium <100.00
Cadmium <1.00
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Chromium <5.00
Lead <5.00
Mercury <0.20
Selenium <1.00
Silver <5.00
Benzene <0.50
1:4 Solid: Solution 7 Day Leachate Test (LA 29-B Method)
Chlorides <500.00
TPH <100.00
pH (Standard Unaits) 6-12
[0039] In other embodiments, the treated solids may be removed from the wash tank and

placed 1n pit burials or land spread 118. Additives may be added to the treated solids
before land spreading 118. For example, agricultural lime or calcium nitrate may be
added to the treated solids for land spreading 118. The treated solids 116 may be land

spread on site or moved to another well site or disposal site.

[0040] As discussed above, the wash water used to wash the separated solids 112 in the
wash tank 114 may be reused 122 1n the drilling fluid system. In some embodiments,
dewatering polymers or coagulants 124, examples of which are discussed above, may be
added to the used wash water to process the used wash water before being returned 122 to
the drilling mud system. A centrifuge 126, (e.g., a decanting centrifuge) or other
separator may be used to remove any solids phase from the used wash water before
returning to the drilling mud system. The removed solids phase from the wash water may
be added to the treated solids 116 and disposed of by land spreading, pit burial, or used
for construction. Any contaminated used wash water, for example water including

chlorides, may be disposed of through a disposal well 128.

[0041] Referring now to Figure 2, a system for processing oilfield waste in accordance
with embodiments of the present disclosure 1s shown. A first separator (not shown) may

be located at the drilling site 200 and receive a return oil-based drilling fluid from the
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well and divide the return oil-based drilling fluid into a primarily fluids phase and a
primarily solids phase. The first separator may include, for example, a shale shaker. For
cxample, the first separator may be a scalping shaker to provide a coarse separation of
cuttings from the return drilling fluid. In other embodiments, other separators known 1n
the art, such as centrifuges, cyclones, filters, etc., may be used to provide an initial
separation of the primarily solids phase and the primarily fluids phase of the return
drilling fluud. In some embodiments the first separator may include two or more
separators operating 1n series or parallel. The primarily solids phase and the primarily

fluids phase may then each be processed separately.

[0042] The primarily fluids phase of the return oil-based drilling fluid is directed to a
second separator 222 and separated by the second separator 222 into a first effluent and a
first residual. The first residual may include, for example, barite, other weighting agents
or low gravity solids. In some embodiments, the primarily fluids phase may be processed
through the second separator 222 at a rate of between 40 and 150 gpm. In some
embodiments, the primarily fluids phase may be processed through the second separator
222 at a rate of between 60 and 110 gpm. In yet other embodiments, the primarily fluids
phase may be processed through the second separator 222 at a rate of approximately 80
gpm. The second separator 222 may include a centrifuge. The centrifuge may be, for
example, a decanting centrifuge, a vertical centrifuge, or any other centrifuge known 1n
the art. In some embodiments, the centrifuge may be a low speed centrifuge that
provides medium to high g-forces. For example, the low speed, medium/high g-force
centrifuge may provide a speed of between 500 rpm and 2000 rpm with a g-force of
between 600 and 1000 g. The centrifuge may be operated at a first speed. In one
embodiment, the first speed may be between 1000 and 2000 rpm. In some embodiments,

the centrifuge may be operated at a speed of between 1200 and 1600 rpm.

[0043] The first effluent is directed to a third separator 226 and separated by the third
separator 226 into a second effluent and a second residual. In some embodiments, the
first effluent may be processed through the third separator 226 at a rate of between 40 and
150 gpm. In some embodiments, the first effluent phase may be processed through the

third separator 226 at a rate of between 60 and 110 gpm. In yet other embodiments, the
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first effluent may be processed through the third separator 226 at a rate of approximately
80 gpm. The third separator 226 may include a centrifuge. The centrifuge may be, for
example, a decanting centrifuge, a vertical centrifuge, or any other centrifuge known 1n
the art. In some embodiments, the centrifuge may be a high speed centrifuge that
provides high g-forces. For example, the high speed, high g-force centrifuge may
provide a speed of between 2000 rpm and 3500 rpm with a g-force of between 2000 and
2200 g. The centrifuge may be operated at a second speed. In some embodiments, the
second speed may be greater than the first speed (i.e., the speed of the low speed,
medium/high g-force centrifuge). In one embodiment, the second speed may be between
2000 and 3000 rpm. In some embodiments, the centrifuge may be operated at a speed of
between 2400 and 2700 rpm.

[0044] The second effluent is directed to a fourth separator 228 and separated by the
fourth separator 228 into a third effluent and a third residual. In some embodiments, the
second effluent may be processed through the fourth separator 228 at a rate of between
40 and 150 gpm. In some embodiments, the second effluent may be processed through
the fourth separator 228 at a rate of between 60 and 110 gpm. In yet other embodiments,
the second effluent may be processed through the fourth separator 228 at a rate of
approximately 80 gpm. The fourth separator 228 may include a centrifuge. The
centrifuge may be, for example, a decanting centrifuge, a vertical centrifuge, or any other
centrifuge known 1n the art. The centrifuge may be operated at a third speed. One of
ordinary skill in the art will appreciate that instead of using a separate fourth separator
228 including a centrifuge, the second effluent may be returned to the third separator 226
having a high speed, high g-force centrifuge, and the speed of the centrifuge of the third
separator 226 may be increased to the third speed. In some embodiments, the third speed
may be greater than the first and second speeds. In one embodiment, the third speed may
be between 2500 and 3500 rpm. In some embodiments, the centrifuge may be operated
at a speed of between 2900 and 3200 rpm.

[0045] In some embodiments, a chemical additive may be added to the second effluent as
the second effluent 1s directed to the fourth separator 228 (or returned to the third
separator 226) or 1n the fourth separator 228 (or third separator 226). For example, a
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0046]

10047]

[0048]

surfactant, polymer, or combination thercof, as described above, may be added to the
second effluent to increase flocculation of particulate matter. In one embodiment, a
water-based blend of a surfactant and a polymer may be added to the second effluent.

For example, a water-based blend of two surfactants and a polymer may be used.

In some embodiments, the third effluent may be directed from the fourth separator
228 (or third separator 226) back to the active drilling fluid system at the rig 200.
Additional additives, such as weighting agents, fluid loss control agents, pH and viscosity
modifiers, or other drilling fluid additives known i1n the art may be added to the third
cffluent to prepare a drilling fluid before 1t 1s sent downhole. Further, a base o1l fluid
may be added to the third effluent to prepare a drilling fluid. In other embodiments, the

third effluent may be further treated as discussed 1n more detail below.

In some embodiments, a base oil fluid may be added to one or more of the first
cffluent, the second effluent, and the third effluent. For example, a tank 230 may be
provided to receive one or more of the first effluent, the second effluent, and the third
cffluent. A base o1l fluid may be added to the tank 230. The volume of base o1l fluid
added to the first, second, and/or third effluent 1s selected such that the base o1l fluid
added effectively breaks the emulsion of the first, second, and/or third effluent. For
example, 1n one embodiment, the ratio of the volume of the base o1l fluid added to the
volume of the first, second, and/or third effluent 1s greater than about 0.3. In other
embodiments, the ratio of the volume of the base o1l fluid added to the volume of the
first, second, and/or third effluent 1s in a range of about 0.2 to 0.4, or a range of about 0.1
to 0.15, or a range of about 0.3 to 1.5. In yet other embodiments, the volume of the base
oil fluid added to the volume of the first, second, and/or third effluent 1s approximately
1.0. In still other embodiments, the volume of the base o1l fluid added to the volume of

the first, second, and/or third effluent 1s approximately 0.35.

In some embodiments, a surfactant, polymer, or other chemical additive, as
discussed above, may be added to one or more of the first effluent, the second effluent,
and the third effluent. For example, a surfactant, polymer, or other chemical additive

may be added to the tank 230, which receives one or more of the first effluent, the second
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cffluent, and the third effluent. In some embodiments, the chemical additive may be a
water-soluble demulsifier, for example a polyacrylamide. The base oil fluid may be
added to the one or more of the first effluent, the second effluent, and the third effluent
first and a surfactant, polymer, or other chemical additive may be added subsequently. In
other embodiments, a base o1l fluid may not be added, but one or more of a surfactant,
polymer, or other chemical additive may be added to the one or more of the first effluent,

the second effluent, and the third effluent.

[0049] A mixture of the one or more of the first effluent, the second effluent, and the
third effluent and the base o1l fluid and/or surfactant, polymer, or other chemical additive
may then be directed to a fifth separator 232 and separated by the fifth separator 232 1nto
a fourth effluent and a fourth residual, e.g. flocculated solids. In some embodiments, the
mixture may be processed through the fifth separator 232 at a rate of between 40 and 150
gpm. In some embodiments, the mixture may be processed through the fifth separator
232 at a rate of between 60 and 110 gpm. In yet other embodiments, the mixture may be
processed through the fifth separator 232 at a rate of approximately 80 gpm. The fifth
separator 232 may include a centrifuge. The centrifuge may be, for example, a decanting
centrifuge, a vertical centrifuge, or any other centrifuge known 1n the art. The centrifuge
may be operated at a fourth speed. In one embodiment, the fourth speed may be greater
than the first and second speed. In some embodiments, the fourth speed may be
substantially similar to the third speed. In one embodiment, the fourth speed may be
between 2500 and 3500 rpm. In some embodiments, the centrifuge may be operated at a

speed of between 2900 and 3200 rpm.

[0050] The fourth effluent may be directed from the fifth separator 232 back to the active
drilling fluid system at the rig 200. Additional additives, such as weighting agents, fluid
loss control agents, pH and viscosity modifiers, or other drilling tfluid additives known 1n
the art may be added to the fourth effluent to prepare a drilling fluid before it is sent

downhole. Further, a base o1l fluild may be added to the fourth effluent to prepare a
drilling fluid.
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[0031]

[00352]

[0033]

The primarily solids phase of the return drilling fluid 1s directed from the drilling
rig 200 to a material dryer 220. Material dryer 220 may include, for example, a
centrifuge or a vertical centrifuge as described above. Additionally, at least one of the
first residual, second residual, and third residual may be directed to the material dryer
220. The material dryer 220 separates the primarily solids phase of the return drilling
fluid, and 1in some embodiments at least one of the first residual, second residual, and

third residual, into separated solids and separated fluids.

The separated solids may then be disposed of 238 or directed to a wash tank 234.
A wash water, as described above, may be added to the separated solids to further remove
oil disposed on the separated solids. The wash water may be a water used by the drilling
fluid system. In this example, the wash water may be returned to the drilling fluid system
after washing the separated solids. The wash water may include chemical additives to
help release entrained o1l on the separated solids. The wash tank 234 may include an
auger to continuously move the separated solids through the wash tank 234 and to ensure

proper mixing of the separated solids with the chemical additives.

Chemical additives that may be used in the wash water include, for example,
surfactants, sodium silicate, zeolites, and other additives useful in the treatment of
drilling waste. In some embodiments, the wash water may include biosurfactants which
include oil-digesting microbes. Other flocculants and/or coagulants may also be used,
including for example, morganic coagulants including aluminum- and 1ron-based
coagulants, such as aluminum chloride, poly(aluminum hydroxy)chloride, aluminum
sulfate, ferric sulfate, ferric chloride, etc and combinations thercof. Still other coagulants
may include water-soluble organic polymers that may be cationic, anionic, or non-ionic.
Examples of cationic monomers may include diallyl dialkyl ammonium halides and
dialkylaminoalkyl (meth) -acrylates and -acrylamides, (as acid addition or quaternary
ammonium salts). In a particular embodiment, the coagulant may include poly diallyl
dimethyl ammonium chloride, while 1n other embodiments, 1norganic coagulants such as

poly(aluminum hydroxy)chlorides may be used.
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[0054] The washed separated solids may be removed from the wash tank and placed in
pit burials or land spread 236. Additives may be added to the treated solids before land
spreading 236. For example, agricultural lime or calcium nitrate may be added to the
treated solids for land spreading 236. The washed separated solids may be land spread on

site or moved to another well site or disposal site.

[0053] In one embodiment, the separated fluids from the material dryer 220 may be
combined with the first effluent from the second separator 222. For example, the
separated fluids from the material dryer 220 may be directed to a mixing tank 224 and the
first effluent from the second separator 222 may be directed to mixing tank 224. A
mixture of the first effluent and the separated fluids may then be directed to the third

separator 226 and processed as described above.

[0056] One or more of the first, second, third, and fourth residuals may be directly
disposed of 238. In some embodiments, a binding agent (for example, fly ash) may be
added to onc or more of the first, second, third, and fourth residuals to prepare the
residuals for use 1n construction 244. For example, the residual may be conveyed to a
pug mill mixer 240. Reagents may be stored in pressured tanks or directed to the pug
mill by cake hoppers. In some embodiments, water may be added. The pug mill
pulverizes and mixes the residuals with one or more mixing paddles. The mixed
residuals may then be moved to a storage arca to allow the mixed residuals to set. The
mixed residuals may then be used as a base for road or other construction 244. In other
embodiments, the one or more of the first, second, third, and fourth residuals may be
removed placed 1n pit burials or land spread 242. Additives may be added to the treated
solids before burying or land spreading 242. For example, agricultural lime or calcium
nitrate may be added to the residuals for land spreading 242. The residuals may be land

spread on site or moved to another well site or disposal site.

[0057] Referring now to Figure 3, a flow chart of a method of processing a return oil-
based drilling fluid 1s shown. Initially, a volume of base o1l fluid 1s added to a volume
return oil-based drilling fluid 301. The ratio of the volume of the base o1l fluid added to

the volume of return oil-based drilling fluid may vary. For example, the ratio of the

18



CA 02850193 2014-03-26
WO 2013/049802 PCT/US2012/058274

volume of the base o1l fluid added to the volume of return oil-based drilling fluid may be
orcater than 0.3, between 0.5 and 1.2, or approximately 1.0, or 0.5. The base o1l fluid 1s
mixed 303 with the return oil-based drilling fluid to form a diluted return oil-based
drilling fluid. The base o1l fluid and return oil-based drilling fluid may be mixed 1n a
mixing tank as known in the art, for example, mixing tanks with agitators, paddles, or
other mixing devices. A surfactant, as described above, may be added 305 to the diluted
return oil-based drilling fluid. A polymer, as described above, may be added 307 to the
diluted return oil-based drilling fluid. One of ordinary skill 1n the art will appreciate that
the order of adding the surfactant and polymer may vary. That 1s, the surfactant may be
added before the polymer in some embodiments, while in others, the polymer may be
added before the surfactant. In yet other embodiments, the surfactant and polymer may
be added simultancously. A return oil-based drilling fluid 1s separated into a primarily
solids phase and a treated return oil-based drilling fluid 309. The treated return oil-based
drilling fluid may be returned to a drilling fluid system 311.

[0038] Referring now to Figure 4, a flow chart of a method of processing a return oil-
based drilling fluid 1s shown. Initially, the return oil-based drilling fluid 1s divided 411
into a primarily fluids phase and a primarily solids phase. In some embodiments, a
primarily solids phase may be obtained from a storage vessel or transport container. For
example, drill cuttings removed from a return oil-based drilling fluid from another work
sitec may be stored or transported in a vessel. A volume of base o1l fluid 1s added to a
volume of the primarily solids phase 413. The ratio of the volume of the base o1l fluid
added to the volume of primarily solids phase may vary. For example, the ratio of the
volume of the base o1l fluid added to the volume of primarily solids phase may be greater
than 0.3, between 0.2 and 0.4, 0.1 and 0.15, or 0.5 and 1.2, or approximately 1.0, or 0.5.
The primarily solids phase 1s separated 415 into a diluted separated fluids and a separated

solids.

[0059] Referring now to Figure 5, a flow chart of a method of processing a return oil-
based drilling fluid 1s shown. Initially, the return oil-based drilling fluid 1s divided 521
into a primarily fluids phase and a primarily solids phase. The primarily fluids phase 1s

centrifuged 523 at a first speed and separated into a first effluent and a first residual. The
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first effluent 1s centrifuged 525 at a second speed and separated into a second effluent and
a second residual. The second effluent 1s centrifuged 527 at a third speed and separated
into a third effluent and a third residual. The third effluent may be returned to a drilling
fluid system 529. In some embodiments, a base oil fluid, surfactant, polymer, and/or
other chemical additive, as discussed above, may be added to one or more of the first,
second, and third eftluents to form a mixture. The mixture may be centrifuged at a fourth
speed and separated into a fourth effluent and a fourth residual. The fourth effluent may

be returned to a drilling fluid system.

[0060] Embodiments disclosed herein may provide enhanced separation of solids phase
and fluids phase of a return drilling fluud. Some embodiments disclosed herein may
provide a solids phase separated from a return drilling fluid that 1s cleaner and dryer and
may be well suited for various construction and containment applications. Additionally,
certain embodiments disclosed herein may provide cheaper and/or faster processing of
return drilling fluids. Specifically, tewer chemical additives may be used for processing
return drilling fluids according to methods described herein. Processing of return drilling
fluids 1n accordance with methods described herein may also allow for drill solids or

cuttings to be disposed of onsite without costly procedures for removal or storage offsite.

[0061] Although only a few example embodiments have been described in detail above,
those skilled 1n the art will readily appreciate that many modifications are possible 1n the
example embodiments without materially departing from the scope of this application.
Accordingly, all such modifications are intended to be included within the scope of this
disclosure as defined 1n the following claims. In the claims, means-plus-function clauses
arc mtended to cover the structures described herein as performing the recited function
and not only structural equivalents, but also equivalent structures. Thus, although a nail
and a screw may not be structural equivalents 1n that a nail employs a cylindrical surface
to secure wooden parts together, whercas a screw employs a helical surface, 1n the
environment of fastening wooden parts, a nail and a screw may be equivalent structures.
It 1s the express intention of the applicant not to invoke 35 U.S.C. § 112, paragraph 6 for
any limitations of any of the claims herem, except for those 1n which the claim expressly

uses the words ‘means for’ together with an associated function.
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CLAIMS

What 1s claimed:

1. A method of processing a return oil-based drilling fluid comprising:

dividing the return oil-based drilling fluid into a primarily fluids phase and a primarily
solids phase;

centrifuging the primarily fluids phase at a first speed and separating the primarily fluids
phase into a first effluent and a first residual;

centrifuging the first effluent at a second speed, the second speed higher than the first
speed, and separating the first effluent into a second effluent and a second
residual; and

centrifuging the second effluent at a third speed, the third speed higher than the second

speed, and separating the second effluent into a third effluent and a third residual.

2. The method of claim 1, further comprising adding at least one of a surfactant and a

polymer to at least one of the first effluent, the second effluent, and the third effluent.

3. The method of claim 1, further comprising adding a water-based blend of two surfactants
and a polymer to at least onc of the first effluent, the second effluent, and the third

cttluent.
4. The method of claim 1, wherein the first speed 1s between 1000 and 1600 rpm.
5. The method of claim 1, wherein the second speed 1s between 2400 and 2700 rpm.
6. The method of claim 1, wherein the third speed is between 2900 and 3500 rpm.

7. The method of claim 1, further comprising directing at least one of the primarily solids

phase and the first residual to a material dryer.

8. The method of claim 7, further comprising mixing a fluid phase from the material dryer

with the first effluent.

21



CA 02850193 2014-03-26

WO 2013/049802 PCT/US2012/058274

10.

11.

12.

13.

14.

15.

16.

A method of processing a return oil-based drilling fluid comprising:

adding a volume of a base o1l fluid to the return oil-based drilling fluid, wherein the ratio
of the volume of base o1l fluid added to a volume of the return oil-based drilling
fluid 1s between about 0.1 and 0.4;

mixing the base o1l fluid with the return oil-based drilling fluid to form a diluted return
oil-based drilling fluid;

adding a surfactant to the diluted return oil-based drilling fluid; and

adding a polymer to the diluted return oil-based drilling fluid.

The method of claim 9, further comprising separating a primarily solids phase from the

return oil-based drilling fluid.

The method of claim 10, wherein the separating comprises:

directing the diluted return oil-based drilling fluid to at least one of a centrifuge, a settling
tank, and a coalescer;

removing a treated return oil-based drilling fluid from the at Ieast one of the centrifuge,
the settling tank, and the coalescer; and

removing a primarily solids phase from the at Ieast one of the centrifuge, the settling

tank, and the coalescer.

The method of claim 11, further comprising returning the treated return oil-based drilling

fluid to a drilling fluid system.

The method of claim 11, further comprising returning the treated return oil-based drilling

fluid to a mixing tank as the base o1l fluid.
The method of claim 9, wherein the polymer is a dry polymer.

The method of claim 14, further comprising hydrating the dry polymer before adding the
polymer to the return oi1l-based drilling fluid by mixing water with the dry polymer.

A method of processing a return oil-based drilling fluid comprising;:
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17.

18.

19.

20).

adding a base o1l fluid to a primarily solids phase of the return oil-based drilling fluid,
wherein a ratio of a volume of the base o1l fluid added to a volume of the
primarily solids phase i1s between 0.1 and 0.2;

separating the primarily solids phase mto diluted separated fluids and separated solids;

adding a wash water to the separated solids; and

removing treated solids from the wash water.

The method of claim 16, further comprising adding a binding agent to the removed

treated solids.

The method of claim 16, wherein the wash water comprises at Ieast one of a surfactant

and o1l-digesting microbes.

The method of claim 16, further comprising:
adding a surfactant to the diluted separated fluids 1n the mixing tank; and

adding a polymer to the diluted separated fluids 1n the mixing tank.

The method of claim 19, wherein the polymer 1s a non-emulsion polymer.
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521
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523

Centrifuging the Primarily Fluids Phase
at a First Speed and Separating a
First Effluent and a First Residual

525

Centrifuging the Primarily Fluids Phase
at a Second Speed and Separating a
Second Effluent and a Second Residual

527

Centrifuging the Second Effluent at a
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Third Efffluent and a Third Residual
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Drilling Fluid System
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