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(57) Abstract: Systems and methods to improve the separation of drill cuttings from drilling fluids using cyclone devices are de¬

o scribed. Specifically, a system for separating three phases of a gas/liquid/solid mixture is described. The system comprises a cyclone
for separating the gas/liquid/solid mixture into a solids component and a gas/liquid mixture; a gas/liquid separator for separating the

o gas/liquid mixture into a gas component and a liquid component; and a vacuum system for providing a motive force for moving the
gas/liquid/solid mixture into the cyclone, moving the separated gas/liquid mixture into the gas/liquid separator and for removing the
gas component from the gas/liquid separator.



THREE-PHASE SEPARATION SYSTEM FOR

DRILLING FLUIDS AND DRILL CUTTINGS

FIELD OF THE INVENTION

[0001] This invention relates to systems and methods to improve the separation

of drill cuttings from drilling fluids using cyclone devices. In particular, the

invention enables three phase separation of gases, liquids and solids using a

vacuum system that improves the quality of recovered drilling fluids.

BACKGROUND OF THE INVENTION

[0002] During the drilling process it is necessary for large amounts of drilling fluid

to be pumped down the hole in order for the velocity of the fluid in the annulus to

be of sufficient velocity to transport the cuttings that are generated at the bit to

the surface. These circulating rates are typically in the order of 1 - 4 m3/min. As

is known, this amount of fluid must be rapidly processed over a primary solids

removal system which is typically one or more shakers configured to receive the

recovered drilling fluid and cuttings. A shaker includes a plurality of screens that

are actively vibrated so as to encourage the liquid components to pass through

the screen and the solid components (i.e. drill cuttings) to be recovered from the

top-side of the screen. Shakers generally have a relatively small surface area for

the volume of recovered fluids and, as such, must be vibrated at a high rate to

provide effective separation.

[0003] Cyclones (or cyclone separators) are typically used in the hydrocarbon

industry to remove mist or small particles from gas streams by rapidly circulating

the gas stream around a circular body to impart a centrifugal force on the

particles to effect separation from the gas. Dust removal is a common

application. Similarly, a hydrocyclone is used to separate particles entrained in a



liquid and a centrifugal decanter is used to separate two liquids. The general

operation of each device is described in relation to a cyclone.

[0004] Cyclones are typically conical in shape wherein input fluids (gases and

liquids with any entrained solids) enter near the top through a tangential nozzle

and move in a spiral. As the fluids move, entrained particles are impinged against

the wall where they slide down due to gravity for collection, while the gas

escapes through the top of the device.

[0005] The separation factor of a cyclone is defined as the ratio of centrifugal to

gravitational forces:

Separation

Factor

[0006] In most cyclones the particles being separated are small enough that

Stokes' Law can be used to determine the drag force. This means that the force

balance on a particle under centrifugal force becomes

'rex
- P)

[0007] Since the acceleration phase for the moving particle is fairly brief, the

velocity can be treated as constant with respect to time (though not with respect

to position) and the force balance solved for the radial velocity



[0008] which can in turn be expressed in terms of the gravitational terminal

velocity and the tangential velocity

[0009] From these equations, it can be seen that the higher the terminal velocity,

the higher the radial velocity, and thus the easier the separation.

[0010] In the foregoing: g = gravitational constant 981 .65 cm/s2 9.81 m/s2; r =

radius of rotation (m); ω = angular velocity in radians s ;µ = dynamic viscosity

(Pa s); dp = particle diameter (m); pp = particle density (kg/m 3) and, p = fluid/gas

density (kg/m3) .

[0011] A review of the prior art reveals that cyclones have been used in various

systems in the past. For example, US Patent 4,279,743 utilizes injected air

bubbles to cause the boundary layer on the wall of the cyclone to be disrupted

causing solid particles to separate from the fluid carrier; US Patent 4,971 ,685

uses injected air to create a froth in the hydrophobic part of the slurry allowing it

to be recovered and the hydrophilic portion discharges; US Patent 6,1 55,429

injects air at very low concentrations and rates relative to the liquid phase(s); US

Patent 7,841 ,477 and US Patent 4,764,287 are two phase cyclones; US Patent

6,348,087 is a three phase cyclone separator that requires three chambers; and,

US Patent 5,332,500 describes a three phase cyclone designed to separate two

fluids with different densities.

SUMMARY OF THE INVENTION

[0012] In accordance with a first aspect of the invention, there is provided a

system for separating a gas/liquid/solid mixture comprising: a cyclone for

receiving a gas/liquid/solid mixture from a source, the cyclone having an inlet for



introducing the gas/liquid/solid mixture into the cyclone, an outlet for removing a

separated gas/liquid mixture from the cyclone and a discharge for removing

separated solids from the cyclone; a gas/liquid separator operatively connected

to the outlet for receiving the separated gas/liquid mixture from the cyclone and

for separating the gas/liquid to a gas component and a liquid component; and a

vacuum system operatively connected to the gas/liquid separator for providing a

motive force for moving the gas/liquid/solid mixture into the cyclone, for moving

the separated gas/liquid mixture into the gas/liquid separator and removing the

gas component from the gas/liquid separator.

[0013] In a further embodiment, the system includes throttle means operatively

connected between the cyclone and gas/liquid separator for controlling the flow

rate of the gas/liquid/solid into the cyclone.

[0014] In another embodiment, the cyclone includes a scroll and scroll drive

means for assisting in conveying separated solids within the cyclone to the

discharge.

[0015] In another embodiment, the cyclone includes an outlet throttle for

adjusting a vertical position of the outlet within the cyclone.

[0016] In yet another embodiment, the cyclone includes a discharge throttle for

adjusting a vertical position of the cyclone discharge.

[0017] In yet another embodiment, the source is operatively connected to a drill

cuttings shaker and the shaker separates a drill cuttings/drilling fluid mixture over

at least one screen to form a drill cuttings/drilling fluid underflow and the source

is the drill cuttings/drilling fluid underflow. In one embodiment, a bleed valve is

operatively connected to the system between the drill cuttings/drilling fluid

underflow and the cyclone for mixing air with the drill cuttings/drilling fluid

underflow prior to delivery to the cyclone.



[0018] In another aspect, the invention provides a method of separating a

gas/liquid/solids mixture comprising the steps of: a) introducing the

gas/liquid/solid mixture into a cyclone and separating the gas/liquid/solid mixture

into a separated gas/liquid mixture and solid component, the cyclone having an

outlet for removing the separated gas/liquid mixture from the cyclone and a

discharge for removing the solid component from the cyclone; and b) introducing

the separated gas/liquid mixture into a gas/liquid separator operatively connected

to the outlet and separating the gas/liquid to a gas component and a liquid

component; wherein the cyclone and gas/liquid separator are operated by a

vacuum source operatively connected to the gas/liquid separator.

[0019] In another embodiment, the method includes the step of controlling the

flow rate of the gas/liquid/solids mixture downstream of the cyclone.

[0020] In another embodiment, the method includes the step of mixing a volume

of gas into the gas/liquid/solid mixture prior to introducing the gas/liquid/solid

mixture into the cyclone.

[0021] In another embodiment, the method includes the step of controlling the

volume of gas mixed into the gas/liquid/solid mixture.

[0022] In yet another embodiment, the cyclone is operatively connected to a

shaker receiving drilling fluid/drill cuttings from a well, the shaker having a

vacuum screen system and the volume of gas mixed with the gas/liquid/solid

mixture is controlled to prevent stalling of drill cuttings on the shaker.

[0023] In another aspect, the invention provides a cyclone for receiving a

gas/liquid/solid mixture from a source and separating the gas/liquid/solid mixture

to a separated gas/liquid mixture and a solid component, the cyclone comprising:

a cyclone body having: an inlet for introducing the gas/liquid/solid mixture into the



cyclone; an outlet for removing a separated gas/liquid mixture from the cyclone;

and a discharge for removing separated solids from the cyclone; wherein the

cyclone includes a scroll within the cyclone body and scroll drive means, the

scroll and scroll drive means for assisting in conveying separated solids within

the cyclone to the discharge.

[0024] In another aspect the invention provides a cyclone for receiving a

gas/liquid/solid mixture from a source and separating the gas/liquid/solid mixture

to a separated gas/liquid mixture and a solid component, the cyclone comprising:

a cyclone body having: an inlet for introducing the gas/liquid/solid mixture into the

cyclone; an outlet for removing a separated gas/liquid mixture from the cyclone;

and a discharge for removing separated solids from the cyclone; wherein the

cyclone includes an outlet throttle for adjusting a vertical position of the outlet

within the cyclone.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The invention is described with reference to the accompanying figures in

which:

Figure 1 is a schematic diagram of a cyclone system in accordance with

one embodiment of the invention coupled to a shaker;

Figure 2 is a schematic diagram of a cyclone system with a scroll in

accordance with one embodiment of the invention;

Figure 2A is a schematic diagram of a cyclone system with a throttle

system in accordance with one embodiment of the invention;



Figure 3 is a chart showing a particle size distribution analysis of the

discharge for a drilling fluid processed by a cyclone separator operated in

accordance with the invention;

Figure 4 is a chart showing a particle size distribution analysis for a

drilling fluid recovered by a vacuum shaker in accordance with the prior

art; and,

Figure 5 is a chart showing a particle size distribution analysis of the

overflow for a drilling fluid processed by a centrifuge in accordance with

the prior art.

DETAILED DESCRIPTION OF THE INVENTION

[0026] With reference to the figures, systems and methods to effect separation

of drilling fluids and drill cuttings using cyclone devices are described.

[0027] With reference to Figure 1, a typical solids control system at a well site

includes a shaker 12 that receives drilling fluid containing drill cuttings from

downhole drilling operations. The shaker 12 includes a shaker bed 14 having a

plurality of screens 14a that are used to effect separation of drilling fluid from drill

cuttings that are received from the well 14b. As is known with shaker systems,

recovered drilling fluid is collected from the underside of the screens for further

processing and/or re-use in the well. The recovered drilling fluid may also be

collected from different sections of the screen bed and thereby be subject to

different primary and post-separation techniques including the use of a vacuum

manifold 14c as described in Applicant's co-pending applications incorporated

herein by reference. Separated drill cuttings are generally collected from the end

of the shaker in a hopper 16 .



[0028] In accordance with one embodiment of the invention, recovered drilling

fluid from the shaker is subjected to post-processing using a cyclone device 20

under the action of a vacuum pump 22. The vacuum pump 22 is connected to

cyclone 20 through fluid/air separator 18 wherein the vacuum pump draws air

through the fluid/air separator and cyclone as the motive force of drawing drilling

fluid through the cyclone. Importantly, the drilling fluid recovered from the shaker,

which will contain some solid drill cutting particles that have passed through the

screen, will be rapidly mixed with air entering the pipe connection system 20a

either from the vacuum manifold 14c or through bleed valve 20b between the

shaker and cyclone such that the relative volume of air to liquid volume and/or

the flow rate will be sufficiently high to ensure effective transport to the cyclone

and that the liquid volume is fully mixed with the air volume without settling or

separation of the two heavier phases. That is, the relatively high proportion of air

and flow rates are maintained to prevent line plugging and to provide a high

speed to the fluid entering the cyclone. Flow is also controlled by valve 20e in

line 20f.

[0029] Upon entering the cyclone, fluids will be rapidly circulated around the

circular upper regions of the cyclone thereby imparting a high centrifugal force to

the fluids. The higher density solids entrained within the liquids will be subjected

to higher centrifugal forces than the liquid phase thereby effecting separation of

the solids relative to the liquids. As liquid/solid separation is occurring, friction

against the cyclone surfaces will cause the outermost materials to slow down

wherein gravity will then cause those materials to fall towards the outlet 20d of

the cylcone where they can be recovered. While it is understood that the

materials recovered from the outlet will be predominantly solid, some liquid

phase will be retained on the solids.

[0030] The majority of the liquid phase and gas phase will generally be drawn off

the top of the cyclone where it enters the liquid/air separator wherein liquid/gas



separation will occur. Gas will be drawn from the liquid/air separator through

outlet 18a to vacuum pump 22. Liquid can be removed through outlet 8b.

[0031] In operation, the flow of materials through the system from the shaker to

each of the vacuum pump, liquid/air separator and cyclone is controlled to

maximize the separation of each phase from one another. In other words, the

system is generally operated to ensure maximum solids separation/recovery at

the cylone, liquid separation at the liquid/air separator and gas through the

vacuum pump.

[0032] In order to effect such control, an operator will generally set the vacuum

pump to operate at a fixed rate that establishes a maximum flow rate of air

through the system. As the flow rate of fluids/solids recovered off the shaker will

vary due to normal fluctuations in flow, the flow of air through valves 20b and 20e

is controlled so as to control solids recovery from the cyclone. For example, if the

valves 20b and 20e are left wide open with maximum air flow through the system

and there is a relatively low amount of liquid entering the system, the relative

speed of the liquid will be high when entering the cyclone which will decrease the

time available for separation which will result in an increased carry-over of solids

into the gas/liquid separator. Thus, the operator will slow down the relative speed

of flow by adjusting valves 20b and 20e to decrease the flow speed in the

cyclone.

[0033] Similarly, if the volume of fluid recovered off the shaker increases, the

relative speed of flow within the cyclone may decrease (due to frictional forces)

such that increased liquid volume is observed at the discharge of the cyclone. As

such, the flow rate within the cyclone may be increased by opening valves 20b

and 20e.

[0034] It is important to note that valve 20b may not be required when the

cyclone system is connected to systems other than shakers. In the vacuum



shaker implementation, valve 20b may also be operated to control the relative

flow of air through the vacuum manifold 14c so as to optimize fluid/cuttings

separation on the shaker. In other words, opening the valve 20b so as to

increase the airflow into the system downstream of the vacuum manifold will

decrease the vacuum pull at the screen and may be used to prevent cuttings

stalling on the shaker screens. Alternatively, decreasing airflow into the system at

valve 20b may be used to increase the vacuum pull at the screen to increase the

fluids/cuttings separation on the shaker screens.

[0035] Importantly, in each case, the cyclone is operated with a vacuum pull

downstream of the cyclone which provides a number of advantages in a solids

control/drilling fluid recovery system namely that the fluids and solids are

conveyed within an air/fluid mixture wherein the fluid does not come into contact

with a pump or high shearing forces prior to the solids separation. As such, and

in particular in a drill fluid recovery system, entrained solids are subjected to

fewer shearing forces that may cause the degradation of the solids to finer

particles that then become suspended within the drilling fluid and thus degrade

the quality of the recovered drilling fluid.

[0036] In a further embodiment of the cyclone systems in accordance with the

invention, reference is made to Figures 2 . In this embodiment, a cyclone 30

having an inlet 30a and outlet 30b is provided with a scroll 30c driven by a scroll

motor 30d. The scroll 30c is configured to inside surfaces of the cyclone in the

lowered tapered regions and is operated to promote the transfer of solids to the

discharge 30e.

[0037] As shown in Figure 2A another embodiment of a cyclone is described in

which the cylone is provided with additional throttling means that can be operated

to provide greater control to the separation processes within the cyclone. As

shown, a cyclone 40 includes an inlet 40a and outlet 40b. The outlet 40b is

further provided with a throttling sleeve 40c that can be raised and lowered within



the cyclone by throttle adjustment system 40d. By lowering or raising the

throttling sleeve 40c, the residence time of fluids within the the cyclone can be

adjusted. In addition or alternatively, the discharge port of the cyclone can be

provided with a discharge baffle/throttle 40f, 40g system that can similarly be

used to adjust the operation of the cyclone and specifically the separation of

fluids and solids. In this embodiment, the baffle 40f may be lowered or raised so

as adjust the gap 40g and hence the flow of air into the discharge end 40h. The

baffle 40f may be configured to narrow or widen the gap as the throttle is lowered

or raised. The baffle/throttle system can be used to isolate solids from the

cyclonic flow and thus flow more readily out of the cyclone. The variable length

and diameter exhaust can also be used to move the vortex upper or lower within

the cyclone body.

Field Data

[0038] A field trial was conducted in which a cyclone was incorporated into a

solids control system including a vacuum shaker as desribed above. As shown in

Table 1, drilling fluid recovered from the cyclone system at the liquid/air separator

and from the underside of the shaker was compared.

Table 1- Drilling Fluid Recovery Data using in line Cyclone Separator

[0039] Importantly, the field tests shows three phase recovery on a drilling fluid

with a vacuum powered cyclone. The field trial with the cyclone demonstrates

that the recovered fluid density is substantially lower with the cyclone indicating

improved drilling fluid quality from the cyclone separation.

[0040] As noted above and as described in Applicant's co-pending applications,

the vacuum screen system recovers both fluid and fine solids and requires



regulation of the vacuum to prevent the stalling of cuttings on the vacuum screen.

Excess vacuum can be releved by bleed valve 20b typically located close to the

the vacuum-screen manifold to ensure that maximum air velocity is employed

below the manifold to ensure that the fluid/solid slurry is effectively transported to

the recovery tank 18a without line plugging.

Particle Size Analysis

[0041] Particle size analysis was conducted on raw drilling fluid samples

processed within a cyclone and recovered from the cyclone discharge. As shown

in Figure 3 , the cyclone was capable of removing particles down to less than 1

micron in size. This is compared to the manufacturer's specification which

indicated that operating the cyclone in the conventional manner with liquids only

(i.e. without a carrier gas), a 8 micron cut could be achieved. Thus, operating the

cyclone with a carrier gas provides a substantial improvement over the

manufacturer's specifications.

[0042] For comparison, Figure 4 shows a typical particle size distribution for

drilling fluids recovered from a shaker incorporating a vacuum screen but no

cyclone and Figure 5 shows a typical particle size distribution for drilling fluids

processed in a centrifuge.

Advantages

[0043] The low density of the air fluid carrier ( 1 .25 kg/m3) in the cyclone and the

low dynamic viscosity of air ( 1 .78 x 10 5 Pa s) improve the separation forces

amongst the three phases entering the cyclone. Further the removal of additional

solids by the cyclone reduces the problem of sedimentation in the recovery line

by reducing the possibility of line plugging.

[0044] In addition, by pulling a volume of air through the cyclone the system can

be readily controlled with respect to the relative force of cuttings liquid hitting the

cyclone and can be more readily adjusted to account for the viscosity of the fluid.



[0045] Although the present invention has been described and illustrated with

respect to preferred embodiments and preferred uses thereof, it is not to be so

limited since modifications and changes can be made therein which are within

the full, intended scope of the invention as understood by those skilled in the art.



CLAIMS

1. A system for separating a gas/liquid/solid mixture comprising:

a cyclone for receiving a gas/liquid/solid mixture from a source, the

cyclone having an inlet for introducing the gas/liquid/solid mixture into

the cyclone, an outlet for removing a separated gas/liquid mixture from

the cyclone and a discharge for removing separated solids from the

cyclone;

a gas/liquid separator operatively connected to the outlet for receiving

the separated gas/liquid mixture from the cyclone and for separating

the gas/liquid to a gas component and a liquid component; and

a vacuum system operatively connected to the gas/liquid separator for

providing a motive force for moving the gas/liquid/solid mixture into the

cyclone, for moving the separated gas/liquid mixture into the gas/liquid

separator and removing the gas component from the gas/liquid

separator.

2 . A system as in claim 1 further comprising throttle means operatively

connected between the cyclone and gas/liquid separator for controlling the flow

rate of the gas/liquid/solid into the cyclone.

3 . A system as in claim 1 or claim 2 wherein the cyclone includes a scroll and

scroll drive means for assisting in conveying separated solids within the cyclone

to the discharge.

4 . A system as in any one of claims 1-3 wherein the cyclone includes an outlet

throttle for adjusting a vertical position of the outlet within the cyclone.



5 . A system as in any one of claims 1-4 wherein the cyclone includes a

discharge throttle for adjusting a vertical position of the cyclone discharge.

6 . A system as in any one of claims 1-5 wherein the source is operatively

connected to a drill cuttings shaker and the shaker separates a drill

cuttings/drilling fluid mixture over at least one screen to form a drill

cuttings/drilling fluid underflow and the source is the drill cuttings/drilling fluid

underflow.

7 . A system as in claim 6 further comprising a bleed valve operatively

connected to the system between the drill cuttings/drilling fluid underflow and the

cyclone for mixing air with the drill cuttings/drilling fluid underflow prior to delivery

to the cyclone.

8 . A method of separating a gas/liquid/solids mixture comprising the steps of:

a) introducing the gas/liquid/solid mixture into a cyclone and separating the

gas/liquid/solid mixture into a separated gas/liquid mixture and solid

component, the cyclone having an outlet for removing the separated

gas/liquid mixture from the cyclone and a discharge for removing the solid

component from the cyclone; and,

b) introducing the separated gas/liquid mixture into a gas/liquid separator

operatively connected to the outlet and separating the gas/liquid to a gas

component and a liquid component;

wherein the cyclone and gas/liquid separator are operated by a vacuum

source operatively connected to the gas/liquid separator.

9 . A method as in claim 8 further comprising the step of controlling the flow

rate of the gas/liquid/solids mixture downstream of the cyclone.



10. A method as in claim 8 or claim 9 further comprising the step of mixing a

volume of gas into the gas/liquid/solid mixture prior to introducing the

gas/liquid/solid mixture into the cyclone.

1 . A method as in claim 10 further comprising the step of controlling the

volume of gas mixed into the gas/liquid/solid mixture.

12. A method as in claim 1 wherein the cyclone is operatively connected to a

shaker receiving drilling fluid/drill cuttings from a well, the shaker having a

vacuum screen system and the volume of gas mixed with the gas/liquid/solid

mixture is controlled to prevent stalling of drill cuttings on the shaker.

13. A cyclone for receiving a gas/liquid/solid mixture from a source and

separating the gas/liquid/solid mixture to a separated gas/liquid mixture and a

solid component, the cyclone comprising:

a cyclone body having:

an inlet for introducing the gas/liquid/solid mixture into the cyclone,

an outlet for removing a separated gas/liquid mixture from the cyclone;

and

a discharge for removing separated solids from the cyclone;

wherein the cyclone includes a scroll within the cyclone body and scroll drive

means, the scroll and scroll drive means for assisting in conveying separated

solids within the cyclone to the discharge.



14. A cyclone for receiving a gas/liquid/solid mixture from a source and

separating the gas/liquid/solid mixture to a separated gas/liquid mixture and a

solid component, the cyclone comprising:

a cyclone body having:

an inlet for introducing the gas/liquid/solid mixture into the cyclone,

an outlet for removing a separated gas/liquid mixture from the cyclone;

and

a discharge for removing separated solids from the cyclone;

wherein the cyclone includes an outlet throttle for adjusting a vertical position of

the outlet within the cyclone.

15. A cyclone as in claim 14 wherein the cyclone includes a discharge throttle

for adjusting a vertical position of the cyclone discharge.

16. A cyclone as in claim 14 or claim 15 wherein the cyclone includes a scroll

within the cyclone body and scroll drive means, the scroll and scroll drive means

for assisting in conveying separated solids within the cyclone to the discharge.
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