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Description
il/Water arati em

Background of The Invention

This invention relates to an oil/water separation system and more
particularly to a multi-phase separation process, a common use for which is
found in oil field drilling, production, and reﬁnihg operations, to enhance the
gravity separation of immiscible liquids by promoting separation of a fiuid
suspension such as those having a solids component acting as an emulsion
stabilizer or oil coated solids with neutral buoyancy.

A variety of separation systems, commonly found in petroleum industry
applications are concerned with an emulsion layer formed in various types of
systems which provides problems as to economical separation of the primarily
oil and water components thereof.

During the production of petroleum hydrocarbons there is often
a substantial amount of water produced. The amount of water will vary
depending on many factors, such as: (1) the type of reservoir and formations
from which the fluids are produced; (2) the age of the well producing the fluids;
(3) the type of enhanced oil recovery (EOR) system that is used, as for
example waterflood and steam flooding, both of which will increase the amount
of water produced.

As oil is produced it must be separated from the water. The ease
of this separation is affected by the fluid properties as well as physical and
chemical factors. Some factors which may lead to the formation of emulsion
and thus adversely affect separation of oil and water are:

1. Tight reservoirs with low porosity and permeability, where oil

droplets will be sheared simply by moving through the reservoir as the

oil is produced;

2. The addition of chemicals such as may be used in chemical

floods or corrosion inhibitors used in the well;
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3. Shearing of fiuid droplets due to pumps or any number of devices
which may cause high turbulence such as a valve; and

4. Soﬁdsparﬁdeswhichwnsarvetostabﬂizeemusionsasinoil
wet colloids.

When drilling petroleum reservoirs the solids being drilled from the
underground formations can serve to form an oil wet nucleus about which
emulsions can form.

Another situation leading to the problems involves world crude
supplies getting much poorer in quality. Avallable crudes are getting heavier,
more sour, and dirtier. Heavy, viscous crudes hold more particulate matter,
and hold it longer. This adverse change in crude oil feedstocks is having
significant operating and corrosion implications on refinery units. There are a
numberofoomponemswhbhmayappearha'udeoilstockseveninverylow
quantities which can cause de-salting and corrosion complications. These
components could include solid particulates, oil field producing chemicals and
production stimulants. Part of this problem stems from an increase in the use
of secondary and tertiary recovery methods which lead to the production of
tightly emulsified fluids from water floods, caustic floods, surfactant fioods, fire
floods and the general use of well stimulant chemicals.

Thus, it is seen that a variety of oil industry problems associated
with drilling, producing and refining petroleum hydrocarbons, all deal with
separating oil and water emulsions. It is likely that oil/water separation in other
industrial environments has similar problems which may be treated accordingly
as described herein. Many devices and methods have been used to enhance
the effectiveness of such oil/water separation. Such devices and methods may
involve the use of chemicals to facilitate phase separation, the addition of heat
to reduce viscosity of the fluids, the use of structured packing, specially
designed flow paths, filters and other such mechanical devices to structure flow
that produces contact of the components in a mixture to promote coalescence,
or the use of electrostatic devices to create electric fields and charges that
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promote coalescence and separation of mixture components.
Desaliing

A specific petroleum process which typifies this instant problem
has to do with crude oil distillation. Crude stills are the first _major processing
units in a refinery. They are used to separate the crude oils by distillation into
fractions according to boiling point. If the salt content of the crude oil is greater
than 10 Ib/1,000 bbl, the crude requires desalting to minimize fouling and
corrosion caused by salt deposition on heat transfer surfaces and acids formed
by decomposition of the chioride salts. In addition, some metals which can
cause catalyst deactivation in catalytic processing units are partially rejected in
the desalting process.

The trend toward running heavier crude oils has increased the
importance of efficient desalting of crude. The salt in the crude is in the form
of dissolved or suspended salt crystals in water emulsified with the crude oil.
It is important to note that while the term de-salting is used to describe the
process, sediment or solids other than salts are of similar importance. These
impurities in the crude oil may be natural or induced. The water in crude oil is
usually in the form of a water in oil emulsion. The emulsion is stabilized by
surface active agents in the oil. Emulsion stabilizers such as asphalts, resins,
waxes, solids and organic acids add to the problem of desalting modemn crude.

impurities are often categorized as those which are water soluble
and are removable by washing and those which are water insoluble and not
readily removable by washing. The oil insoluble impurities are sometimes
referred to as the oleophobic or oil-hating impurities. These include water, salt,
and some solids.

Among the more common impurities found in crude oil are silt,
sand, iron oxide, iron sulfide, arsenic and strontium, sediments, the chlorides
of sodium, potassium, calcium and magnesium; the sulfates of potassium,
magnesium, calcium and sodium; crystalline salt, carbon, sulfur, salts and
water.

In addition to the naturally occurring impurities in crude oils, there
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are induced impurities. Induced impurities might be described as those things
that become mixed into the crude oil during the process of extracting it from
itsnamralhabitatandprodudng,transporﬁngandprooessingitonitswayto
the consumer end uses. The de-salting process which is involved in removing
these contaminants and separating the oil and water components of a mixture
is based on two premises: (1) oilis lighter than water, and (2) emulsions which
are temporarily stabilized by surface active materials can be destabilized by the
action of electric field or chemical demulsifiers.

In the simplest form, the desalter is a washing device for oil, with
amixvalveprovidhgﬁaesm:bbingandmedesakervessdhsalfbeingme
gravity, settling or separation tank. The mixing that takes place across the
valve allows the water to wash the salt out of the crude oil. This mixing also
tends to generate a suspension in this environment. As the suspension
becomestighterandmorestableitisreferredtoasanemﬂsion. The emuision
will accumulate at the interface of the oil and water and may eventually
contammateboti'loilandwaterdisdﬁrgestreams. Solids are a powerful
emulsion stabilizer and a tremendous consumer of demuisifier or any surface
active/adsorptive material. One of the problems in desalting is being able to
take the demulsifier to the water and solids interface within the mixture since it
is the solids that provide the nucleus for the emulsion. One solid which is
foundtobeapa:tiwlarproblemintmssiwationisironwﬁchshowup
eventualy downstream in the hydrocarbon products of the oil refinery
processes.

Prior art devices for solving de-salting problems utilize
conventional horizontal or vertical gravity separation vessels. Several methods
have been used to promote coalescence in these vessels, however, these
methods usually involve treating the entire fiuid stream rather than a side
stream of the suspension or emulsified layer. The use of chemicals is the most
common practice to break the interfacial tension between droplets and to
promote separation. Desalting vessels often incorporate structured packings
which allow the fiuids to move along corrugated parallel plates or through
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narrow openings and contact other droplets which coalesce into larger
particles. These particles can then be more easily separated by gravity forces
due to increase in buoyancy and reduction in surface area.

Addition of heat is often used to reduce the viscosity of the fluids
which will significantly increase the droplets ability to migrate through the
difference between the fluids. The use of an electrostatic potential across the
fluids can be used to create a polarity field to charge the liquid droplets much
like magnetic poles and thus promote separation. The use of heat or
electrostatic potential is typically very energy intensive and costly.

Drilling Fiuids

Ancther example of an industry problem which may be treated by
the present separation system concerns the separation of hydrocarbon fluids
from dirilling fluids. One particular situation that exemplifies the problem in this
area involves the separation of components in a drilling fluids system
associated with drilling horizontal wells in a chalk formation where hydrocarbon
fluids are produced from the formations being drilled, during the drilling
operation. The separation problem associated with such drilling is set forth in
detail in copending U.S. patent application serial no. 649,382 titted *“Method and
Apparatus for Separating Drilling and Production Fluids®, However, to briefly
address the issue addressed in that application, the driling fiuids system is
designed to run in an underbalanced condition to allow formation fluids into the
wellbore. Pressure on the system at the surface is reduced to let formation
fiuids flow under reservoir pressures into the borshole. These formation fluids
become entrained in the drilling fiuids and are brought to the surface. At the
surface the hydrocarbon fiuids are separated from the water in the system as
well as solids such as the drill cuttings. Because hydrocarbon fiuids tend to
decrease the density of the drilling fiuids system, it is desirable to remove those
low density fluids from the system in order to maintain control over the drilling
fluid weight and thus maintain a proper pressure balance on the formations
being drilled. One of the problems that is encountered in this situation is that
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produced oil tends to coat fine particles of formation materials such as chalk.
These oil coated particles become neutrally buoyant and form a suspension
layerintheﬁuidsystemandmereforedonotreadilysaparatewtdueto
density differences. Asaresult.meytendtoearryoverintomerecirwlated
driling fluids where they may cause problems associated with weight of the
system. lnaddition,sudwwryoverprevemsmewttingsfrombeingremoved
from the system to provide a further burden on the drilling fluids system.

Prior art separation schemes for dealing with the problems
described above have disadvantages in that they are space intensive because
ofﬁweirraﬁancetoagreatexteMoangeandﬁmetoeverNauypermit
gravityseparationofmeoomponentsoftmm;re. The operational efficiency
ofpﬁordevicesmdsystemforadequatelyseparaﬁngmecomponentshas
been hampered by the presence of the oil coated particies forming an oil in
watersuspensionasdescribedabove,whsu&pﬁoratsystamseiu\ernot
adequatelyaddressingﬁ\eproblamoraddressmmeproblematan
undesirable economic level. Typically, the addition of heat, chemicals, greater
residence time, etc. have been the solution to these problems, with the inherent
undesirable characteristics described above.

it is therefore an object of the present invention to provide a
simpier, more efficient and less costly method and apparatus for the probiem
ofseparaﬁngoﬂandwateroomponenisofaﬂuidmbdue.parﬁodarlywhere
particulate matter is a component of the mixture and combines with the other
components in such a manner as to compound the separation problem.

Summary of the Invention
With this and other objects in view the present invention provides

a separation system for a fiuid mixture that includes oil and water components
with solids particles suspended therein as a result of oil in the mixture coating
the solids particles to form an oil coated nucleus. The oil coated nucleus is
neutrally buoyant and forms a suspension with the water component. The
present separation system utilizes a hydrocyclone for separating oil from the
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oil coated solids particle nucleus present in the mixture inletted to the
hydrocyclone. This removal of oil from the solids particle renders the solids
particle non-buoyant to thereby permit the solids particle to separate from the
mixture due to its difference in density. The oil thus removed is coalesced into
a component that separates out as a less dense phase in ihe hydrocyclone.
The water and solids particles are then discharged from the underflow of the
hydrocyclone and the oil is discharged from the overflow.

Another separator may be provided downstream of the
hydrocyclone for receiving the more dense components and to permit further
separation of the water and solids. Provisions are then made to remove the
solids from the system and discharge the water for disposal or further use.
Alternatively, solids may be outletted from the hydrocyclone through a separate
solids outlet or the solids may be recycled with the underfiow to a vessel from
which the fluid mixture is taken, for further separation such as by gravity.

rief iption rawings

Figure 1 is a schematic drawing of a separation system in
accordance with the present invention for separating a suspension layer formed
in a separation process;

Figure 2 is a schematic drawing of a separation system in
accordance with the present invention for processing drilling fiuids in a well
drilling operation; and

Figure 3 is a schematic drawing of a separation system for
separating a suspension layer in a desalting operation.

Description of the Preferred Embodiment
Referring first to Figure 1 of the drawings, a desalting operation

is shown for treating crude oil to remove excess solids therefrom prior to their
being further processed as in a refining operation. A source of crude oil 12 is
shown being passed through a pump 14 having an outlet passing through a
mixing valve 20 into an inlet 22 of a two-phase separation vessel 23. Water is
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provided by an inlet line 16 from a pump 18 for mixing water into the crude to
thereby wash the salts or other dissolved materials from the crude. Mixing
valvezoprovidesameansformbdngmewaterwmthecrudetoensuremat
the washing process takes place. The mixture emerging from the mixing valve
20 is then passed by means of inket 22 into the separating vessel 23 wherein
bygravityseparaﬁon.memedensewatermasemigratesmardsme
bottom of the vessel into a layer 30 with the less dense oil phase migrating to
the top of the vesssl into a layer 26. A mid-layer or interface layer 32 is formed
inﬂ'levesselandiscmnprisedofasuspensionoremulsionofoﬂmdwater
which is sometimes referred to as a *rag* layer. This may be an oil in water or
waterinoﬂsusmnsionuemdsbnandwenhavechangingdmaracterisﬁcsin
this respect. This interface or “rag" layer becomes a relatively large part of the
ﬁuiduﬁxturehhevessdandsub%ﬁallydecreaseshemsidemeﬁmesof
fiuid in the separating vessel due to the increased volume of this emulsion
layer. Prior art systems often treat this layer by the use of chemicals in addition
to increased residence time in order to separate the suspension or emulsion
and recover the constituent fluids. In addition to chemical treatment of these
fiuids, mechanical devices, as well as the use of heat and electrical potential are
used for breaking the emulsion and promoting coalescence of the constituent
fluids. In the process of trying to find a solution to the problems involved in the
separation process described, it has been found that solids particles which are
a constituent part of the fiuids being treated, serve to form a nucleus about
which oil forms to envelope the solid particle and thereby create a neutrally
buoyant particle which is a combination of the more dense solid and the less
dense oil coating. This neutrally buoyant component is an integral part of the
rag layer which typifies this process and generates the problems of separation
associated therewith. In order to better treat this rag layer in a more efficient
and simplified manner, an outlet line 34 from the separator vessel 23 feeds the
rag layer to a hydrocyclone 40. If necessary this may be facilitated by use of
a pump 36 provided in the line 34 between the separation vessel 23 and
hydrocyclone 40. The rag layer is admitted to the hydrocyclone by means of
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an inlet 38. These fluids' are admitted tangentially into the hydrocyclone -
wherein they are caused to separate by the centrifugal action imposed upon
the fiuids as a result of the geometrical design of the hydrocyclone. The
centrifugal forces in the hydrocyclone are increased to the point that the oil
coating the particulate matter becomes dislodged therefrom and the particulate
matter is forced to the outer wall of the hydrocyclone while the oil component
migrates to the centerline of the hydrocyclone for discharge from an overflow
outlet 44. The solid particulate matter thus joins the water component in the
system at the outer wall of the hydrocyclone for discharge at an underflow
outlet 42. This more dense component of the mixture which is comprised of
the solids and water is passed through a control valve 48 into an outiet line 48
and thence into a separation vessel 50. Separation vesse! 50 provides a
means for separating out the solids from the liquid constituents which have
exited the hydrocyclone through the underflow. The solids will have now had
the oil coating removed therefrom to provide a sufficient density differential with
respect to the liquids accompanying them to effect gravity separation therefrom
in the separation vessel 50. The solids are removed by means of a dump
outiet 51 on the bottom of the vessel. Liquids in the vessel are passed over a
weir 53 to an outlet line 52. The water cdmponent which now predominates the
effiuent into line 52 can be discharged from the system by means of a line 59
by operation of vaive 61, or alternatively, may be passed by operation of valves
57 or 58 respectively into return lines 56 and 60 which eventually return the
water odmponent to the separation vessel 23. Alternative line 60 passes such
a water component into the fluids inletting into the separator 23. Again,
alternate routes are provided so that such water can be inletted either before
or after the crude passes through the mixing valve 20. Line 64 provides a flow
path into the inlet stream ahead of the mixing valve so that this water may be
used to remix and thereby wash the crudes. Operation of a valve 66 permits
an alternative route for supplying thebwater to the inletting fluids downstream
of the mixing valve. In some situations the mixing valve may be creating more
of an emulsion problem for the mixtdre than is solved by the mixing of the
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water and crude. Also, the recycle stream from the hydrocyclone underflow 42
nmybeta:awmmmmnadu:mnwdeumﬂ1wmmrkxﬂwad§mmw.Inﬂxme
smﬂﬁhnatheamwmmweﬂow;xm162coddtmlxmdtohnnkaeﬂuawaMr
downstream of the mixing valve.
kumndndnmﬂwsﬁnwwbedaﬂabbh:hﬂuimaﬁwwmﬁwhk:
'mesqmwmnrmﬁwﬁmlmmkadcﬁﬂwragkwm%oﬂwﬂmypnwweﬂxns
entry into the vessel 23 separate from the oil and/or solid components of the
mixture. Thismightbeneoessaryinasituaﬁonwhereitisdesirableto
amurwbuﬁynmxwemmuxﬁnnNheswﬂansmnhasmhanﬂuﬂdaﬁngﬂddrws
amﬂmﬁm&ﬂyhmpummrawmxmaﬁirmebqﬂwmu.k1amhasmmﬂxnn
nmynotbenaxﬁsaytoaddumshumﬁxh:ﬁdeaﬁngnﬁdwe.

These various alternative schemes for dealing with the water leg
bdngcﬂumamxniﬂxnﬂuahwmncw*xwtrepnn&kutoshmwﬂwnﬂureana
amrnwnhwcﬂsqumm1sdmnwsuhkhrmm(behaaadbyﬂwaﬁﬁum1
mﬁuﬁwdhmﬁnummrmeam390UQnbdhgamxxmjbtmnc#umxwmg
meoﬂhwxﬁunasdwpmdbbﬂ:mﬂmmuﬁwsamﬂabnﬁanaﬂddnmea
In this respect, ancther alternative flow arrangement is shown in Figure 3 for a
dassicdesalﬁngoperaﬂonwhereinmesystemissirrﬁlartoFigure1 up to the
point of discharge of fluids from hydrocyclone 40. However, instead of passing
the underfiow stream of the hydrocycione 40 through a downstream separator
kwumxwhgsdwaﬂwnmdaﬂmnﬁnmnﬁsnmwthdummnoﬁwimmuﬁﬂw
vessel 23, which in this case would be a desalting device. Oftenin a desalting
operation, the makeup of the rag layer is such that it will not be separated in
one pass through the hydrocyclone and therefore the streams outletting the
hydrocycione will not be pure enough components for discharge from the
separation system. Thus, these hydrocyclone outlet streams will be returned
to the separation vessel 23. The solid particles which become separated from
the oil coating in the hydrocyclone will pass with the underflow stream into the
inlet 22 of the separator wherein they will separate such as by gravity for
removal through the outlet 28 on the bottom of vessel 23. In this desalting
system of Figure 3, the pump 36 provides the pressure necessary to move the
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solids in the more dense underflow stream back to the vessel 23 for separation
and subsequent disposal. Likewise, the overflow stream is carried by way of
line 70 back to vessel 23.

In the Figure 1 embodiment, the oil or less dense component
emerging at the overflow outiet 44 of the hydrocyclone is passed by means of
a flowline through alternate flow paths. Alternate fiow path 74 serves to
discharge the oil component from the system either for further processing of
the oil or for its disposal in some manner. Alternatively, by operation of the
vaive 72 the oil component may be passed back to the separation vessel 23
by means of inlet 70 at or near the upper level of the rag layer to thereby
promote its further separation from the incoming mixture. In this case, the oil
would be discharged by means of outiet 24 for whatever further processing or
disposal would be desirable.

in Figures 1 and 3, inlet lines 68, 54 and 35 are shown for
providing a means of injecting chemicals into the separated fiuid streams.
Chemical injection line 54 is provided for inletting a chemical into the water leg
52 exiting from the separator vessel 50. This would provide further treatment
of the water leg to separate any remaining oil components therefrom either
before its disposal from the system or prior to recirculating the water leg into
the separation system. Injection of chemicals at this point would have the
advantage of providing more intense treatment of the fiuids in the line 52 prior
to recombination of the water leg in line 52 with the inletted fiuids to the primary
separation vessel 23. In addition, a chemical injection line 68 is shown for
injecting chemicals into the oil component shown exiting the hydrocyclone at
outlet 44 prior to the readmission of the oil stream into the inlet 70 of the
separation vessel 23. Again, introduction of chemicals at this point in the
system will provide for more concentrated treatment of that component by the
chemical prior to its being remixed with the other fluids in the separation vesse!
23. In addition, a chemical injection line 35 is shown feeding into the outlet line
34 from separation vessel 23 to provide a means for injecting chemicals into the
mixture passing to the hydrocyclone 40, upstream of the pump 36.
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in the operation of this system just described with respect to
Figures1anda.asforexample.inadesaltingoperaﬁon.mecrudeoilbeing
treated likely contains a concentration of solids particles in the form of salts or
heavy metals which provide downstream problems as to either corrosion of the
refining and process systems or in the products derived frbm the crude. To
remove these solids, such fluids are inletted by means of inlet line 12 and pump
14 to the separation vessel 23. in the case of a classical desalting operation,
water would be added by means of inlet lines 16 and pump 18 to mix with the
crude and by means of mixing valve 20 wash the salts from the crude for
subsequent separation in the tank or separating vessel 23. In other operations,
meremaybasufﬁeierwwaterinmeincomingoﬂlhasudlasinaproducﬁon
separation situation, wherein it would be undesirable to utilize the mixing valve
20 or to add additional water to the system. In any event, the fluids are inletted
by means of inlet 22 into the separation vessel 23. Vessel 23 serves as a
residence vessel for permitting fluid components of the mixture to separate by
density into more dense and less dense layers. The more dense layer, which
in this typical system is water, will fall to the bottom of the separation vesse| 23
for removal therefrom by means of line 28. The lighter phase of the system will
migrate to the upper level 28 for removal therefrom by means of the exit line 24.
Typical of the fiuids being treated by the system of the present invention is that
such fluids have the common problem of developing a suspension or emulsion
layer that is stabilized by the effect of solids particles in the fiuid mixture. These
solid particles act as a nucleus about which oil collects to form a neutrally
buoyant component layer described as a rag layer. This emulsion component
32 is taken by line 34 into the inlet 38 of the hydrocyclone 40. An inlet line 35
provides means to inject treating materials into the line 34 prior to the mixture
entering the hydrocyclone. Such materials might be demulsifying chemicals or
other such chemicals to aid in the separation process by enhancing separation
in the hydrocyclone or with the chemical being enhanced by the hydrocyclone
for aiding in further separation in or downstream of the hydrocyclone.

The fluids inletted to the hydrocyclone 40 are separated within the



WO 92/19348 ' PCT/US91/02886

10

15

25

30

-13~

hydrocyclone to form a less dense component exiting the overflow outlet 44
and a more dense component which is comprised of water and solids particles
which outlet through the underflow outlet 42 into a discharge line 48. A control
valve 46 is provided in the line 48 to control the outlet flow from the underfiow
of the hydrocyclone. ThemoredensecomponentofhénWewhich is
comprised of the water and solids particies is passed into a separation vessel
50 for removing the solids and passing the water component by means of a
line 52 for further processing in the system. In the case of a desalting
operation such more dense underflow stream would likely be retumed directly
to the input line 22 to vessel 23 as shown in Figure 3 of the drawings.

in other systems where it is desirable to remove net water from
the system, the water outietting from the :separation vessel 50 may be
discharged to an outside disposal line, by means of an outlet line 59 and valve
61. Alternatively, water outiet 52 can be recycled into the separation vessel 23
by means of vale 57 and recycie line 58. The route returns the water into the
vessel 23 near the interface of the suspension/emulsion fayer 32 and water
layer 30 so that the water returns to water. Again alternatively, the water output
from line 52 may be recycled into the emuision layer 32 by introducing the
water stream into the inletting mixture either upstream or downstream of the
mixing valve 20. This latter route is chosen by use of valve 58 and line 60, in
conjunction with lines 62, 64 and valve 66.

Next referring to Figure 2 of the drawings, a system is described
for solving similar problems in a different environment which involves the use
of separation equipment for separating fluid components of a drilling fluid
system for use in drilling oil wells. Referring now to Figure 2 of the drawings
a driling fluids separation system is shown having a choke manifold 82 which
provides for ultimate control over pressure between the wellbore and the
separation system. A separator 84 receives fluids from the circulation system
of the conventional drilling system and in the drilling operation described herein
the pressure from the well being drilled is fully or partially passed into the
separator 84 which then serves as a choke on the system. Such a separator



WO 92/19348

10

15

25

PCT/US91/02886

-14-

vessel is capable of withstanding relatively higher pressure. As an example, the -
Ansi Class 600 vessels will accommodate pressures up to 1,480 psi. In the
separator84mostofmegaswhid1isproducedisliberatedfromtheﬂuids.
whichgasranbeﬂaredorpassedtoagasreoeivingsystemforsubsequant
disposal through the line 86. Also, in the separator 84, solids which may be in
mefonnofaﬁnepasteofdﬁuingcutﬁngsormelike,sum“whendriﬂingis
performed in a chalk formation, may gravity separate from the fiuids to the
bottom of the separator. The bottom of the separator is periodically drained
mroughﬁnesatoalbwmesoﬁdstopasstoapitfordisposalofmesolidﬁnes.
AIevdconﬁolQOopensmddosasmevalvessztomaintainaﬁquidlevelm
ﬂmsaparator&tokeepgasaboveﬂwlowalevelofmesapwatorandmus
prevemQasasnwchaspowblefranmhgoutimomremainderofme
separator system. Ifmeﬁquid-levalofseparator%shouldfaubelowadesired
level,theliquidIeveleontrolQOwiudoseﬂ\evalvessztopermitabuildupof
ﬂuidswiminmeseparatorandmerebykeepmegaslevelatasufﬁdenﬂyhigh
position in the separator.

The fluids exiting separator 84 are passed through vaives 82 to
aholdingtank116whichtypicallyisalargeportabletankﬂ1atcanbemoved
easily. The tank 116 is not a pressure vessel normally but is enclosed and has
afantodrawoffgasthroughastack117forvenﬁngtomeatmosphere. The
tank116providesaﬁrstquietzone11080ﬂ1atmesolidsorﬁnesinmeﬂuids
at this point may gravity separate to the bottom of tank 116. A major portion
of the solids may be removed from the drilling fluids in the tank 116. These
solids are then pumped or drained from the bottom of tank 116 through line
124 to a solidfliquid centrifuge separator 118 which separates solids from
liquids therein, with the solid components from the separator 118 passing to a
pit, not shown, through underflow outiet 122. Water and oil from the centrifuge
118 are then passed back to an overflow chamber 119 in the tank 116 where
they join the oil and water components that spill over the baffle 121 into

chamber 119.
Tank 116 is arranged to control the level of oil and water layers
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96, 98 respectively in the tank,'using'a level control 143. The top of the oil layer
96 in chamber 119 of tank 116 is passed through a line 140 to a settling tank
142 for further separation before pumping to sales represented by the tank
141. Any water taken from the surge tank 142 is passed back to the water
layer 98 of tank 116 by way of line 141. |

It has been found that particulate matter in the drill cuttings such
as particles of chalk become wetted by the produced oil which passes from the
formations being drilled into the drilling fluids stream. These solid particles thus
form a nucleus which when covered with oil becomes a neutrally buoyant
particle that forms the basis of a suspension or emulsion layer in the fluid
mixture. Thus, the water phase that is taken from tank 116 which passes
through line 146 into the inlet 134 of a hydrocyclone 147, has such neutrally
buoyant oil coated particles as a part of the makeup of the mixture which is
inletted to the hydrocycione. An oil phase exits through the reject or overfiow
outlet 45 of the hydrocycione and is passed back to the oil layer 96 of the tank
116 to enter the tank at the top edge of the suspension layer 97. This
suspension layer 97 being separated by the hydrocyclone 147 may be for
example in the range of 65% oil and 35% water but at this point the oil phase
portion of the stream represents only 1 1/2 to 2% of the total fluid volume of the
system. A pump 152 may be provided in the line 146 in the system to provide
sufficient inlet pressure of fiuids entering the hydrocyclone to effect proper
separation of the oil and water phases in the mixture passing into the
hydrocyclone. The underflow outlet 151 from the hydrocyclone 147 connects
with alternate flow paths. One such path passes the water leg to a residence
vessel 162 which serves as a means for separating solids from the primarily
water component exiting from the underflow (151) of the hydrocyclone. This
residence vessel has a weir 163 therein for trapping solids in a first portion of
the vessel which may be removed by means of a drain outlet 164. The water
component passes over the weir into the remainder of the vessel 162 and is
outletted through a fiow line 165 to a drilling fiuid pit at the drill site to await
recirculation in the drilling fiuids system. If the level control 143 on tank 116 is
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calling for recycle of the water stream, then this water stream passes by way
of a line 166 through valve 144 back to tank 116 where it enters the tank at or
below the interface of the water layer 98 and the emuision layer 87. The outlet
line 165 to the drilling fluid pit is closed by means of control valve 168 likewise
operated by the level control 143.

The level control 143 on tank 116 operates as follows: as the
level of water in tank 116 rises to a predetermined level, the level control closes
ﬂmraqmb\mwa144amdopamxmha16&=wwa¢mowy\wma'$tmmg
received with the incoming fiuids from the well. Thus, the water passing from
thehwmﬂ16andsqxramdtwrwdnxwdbne147amdnﬁkhnaawnwd16&is
passed to the drilling fluids tank or pit through line 165. Alternatively, when the
water level in tank 116 drops to a predetermined level, the level control 143
opens valves 144, closes valve 168, and thereby maintains the oil/water
interface within a predetermined limit range. In theory, vaives 144, 168 will be
quadamdcb&mjknaﬂwommgfaﬂmxnamﬂmnMQtonumwdnarahﬁmw
constant level within the predetermined range.

An alternative arrangement is shown in Figure 2 for treating fluids
emanating from the underflow outlet 151 or hydrocycione 147. A valve 149
nmybeopamutopanﬁﬂmdsﬁmnﬂwtmdmﬂmnk:nmmtm@um1aﬂthe
150 to a centrifugal separator 153 for separating solids from the underfiow
cmnnxmntThesdhbummdkawnhaawmmxxnaxmnmx153bynwmmnx
an underfiow 155 for further disposal wherein the water component therein
would pass by means of an overflow outlet 154 for recirculation in the drilling
fuids system. A still further alternative arrangement might include a
hydrocyclone in place of or in addition to centrifuge 153 for separating the
underflow stream into solid and liquid components.

In the operation of the apparatus just described fluids are
circulated from a borehole drilling operation into the present system by means
of a flowline passing such fiuids from the borehole annulus through a choke
manifold 82. These fiuids are typically comprised of drilling fluids such as brine,
water, or the like; drill cuttings; and petroleum fiuids which have produced from
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underground formations being traversed by the borehole. These fiuids
comprising the makeup of the drilling fluid system, are then passed into a
separator 84 where a substantial portion of any gas present in the fluids is
liberated. This equipment is sometimes called a “gas buster". This liberation
of gas from the fluids substantially reduces the pressure on the fluids system
so that further processing is done at a reduced pressure. Some of the drill
cuttings in the fluid system may also separate out in the separator 84 and are
then removed for subsequent disposal through a line 88 at the bottom of the
separator. A level control 90 is operatively connected to an output line from the
separator 84 to pass liquids therefrom thyvough a valve system 92. These
valves are operated by the level control. These dirty fluids which have now
been depleted of most gas and some solids {drill cuttings) are next passed into
a large tank 116 where they are recsived in a first sump or quiet zone 110
separated by a baffle 121 from the main chamber portion 119 of the tank. This
first quiet zone serves to separate out a substantial portion of the solids in the
form of dirill cuttings in the fluids. These solids.are then discharged by way of
a line 124 to the inlet of a centrifuge 118 which is effective to separate any
fiuids in the materials discharging through line 124 from solids therein. The
solids are passed to a pit, or the like (not shown) for subsequent disposal.
Water-or other liquids which are separated in the centrifuge 118 are discharged
through the overfiow 123 into chamber 119 in the tank 116. Here they are
treated with the other fluid components of the fluid system which spill over the
baffle 121 into chamber 119. These system fiuids are permitted to gravity
separate in this chamber so that a predominantly water layer 98 develops in the
bottom of chamber 119 with an oil layer 96 on top. An intermediate layer 97
forms between the oil and water layers and is principally comprised of a
suspension or emulsion of oil and water which is stabilized by the presence of
solid particles. These solid particles act as a nucleus about which ail collects
to thereby form a neutrally buoyant particle in the fiuid system.

The oil layer 96 in the tank 116 passes through an overflow line
140 exiting from the upper portion of chamber 119 which directs the oil
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component of the fiuids to a settling tank 142. The settling tank permits further
saparaﬁonwfﬁ&eanbeassistedbymaddmonsofd\eniealssud\as
demulsifiers. Anywaterwi'nid\accum:latesintankuzmaybereumedby
way of a line 41 to the chamber 119 in tank 116 for further processing or
aﬂernaﬁvely,maybepassodbad(tomedﬁuhgﬂuidsystemforreuseﬂwrein.
AnupperwﬂetoftaMMZisfedtoapmpforuansfenhgmeoﬂtoatank
161 for sale thereof. '

Thesuspensioncomponant97hd\amber119istakenfromme
tankbywayofalineusandismuspassedtoahydrocydommz A pump
152maybeusedtomcraasepressweonmeiruetﬂddstomehydrocydone
in order to provide sufficient swirl to effect separation therein. Such a pump
can be constructed in accordance with the low shear type pump disclosed in
U.S. patent 4,844,817.

These fiuids passing through the hydrocyclone 147 are typically
compﬁsedofdropletsfomﬁngadispefseoﬂorwaterphaseinaoonﬁnuousoil
orwaterphaseMseparateMﬂ\inmehydrocydonemmrespecﬁve
phases. In addition, as described above, solids particles which are present in
medrilﬁngﬂuidssystemandwhichhavebeencoatedbyoﬂbeoomeneuh'ally
bmyaﬂbemuseoftr\ecanbhedoomposiﬁonofamoredmesdidspafﬁde
andabssdemadlcoaﬁngtoprovideacombinedsubstmmmatismuwly
phase having the droplets dispersed therein. In the hydrocycione the oil
coating about the solids particles is forcibly removed by the excessive gravity
forces that are present in the hydrocyclone which liberates the solids particle
mus‘providing a less dense oil component and a more dense solids particle.
The solid particles then combine with the more dense water phase and exit the
hydrocyclone through the underflow outlet 151. This underflow stream which
comprises the water phase and the solid particles is passed into the residence
vessel 162 to remove the solids therefrom so that the water phase can be
recirculated into the drilling fluids system for reuse in the drilling operation. The
less dense oil phase is passed through the overflow outlet for return to the tank
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119 or alternatively, could be passed directly to sales if the oil phase therein -
were sufficiently dry. However, if the oil phase is returned to the tank 116 the
oil therein will readily deploy to the oil layer 96 within the chamber 119 for
subsequent processing of the oil phase passing therefrom.

The hydrocyclone 147 which is shown in this system would
typically be a dewatering hydrocycione or a deoiling hydrocycione which is
arranged to handle a substantial amount of water, and which are described
more particularly in United States patent 4,749,490 and United States patent
application Serial No. 415,316. In an alternative arrangement the hydrocycione
40 of Figures 1 and 3 and hydrocycione 147 shown in Figure 2, may be of the
type disclosed in U.S. Patent 4,810,382 which is incorporated herein by
reference and which shows a circumferential slotted outlet in the outer wall of
the hydrocyclone which is effective to outlet solids into an annular gallery for
separate removal from the hydrocyclone. Other arrangements for solids
removal from a hydrocyclone outlet are, of course, not precluded.

Therefore, while particular embodiments of the present invention
have been shown and described, it is apparent that changes and modifications
may be made without departing from this invention in its broader aspects, and
therefore, the aim in the appended claims is to cover all such changes and
modifications as fall within the true spirit and scope of the invention.

We claim:
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1. in a drilling fluids separation system for use in a‘wellbore drilling
operation for processing a drilling fluids stream comprised of a fluid mixture
includingoilandwatercomponentswﬁsolidspartidessuspendedmerein
which has been circulated from the bottom of a wellbore to the surface and
whereinoilwhichisproducedfromearhformaﬁonsbehgdrﬂledispresemm
the mixture at the surface and has coated or impregnated the solids particles
to form an oil coated or impregnated nucleus which is substantially neutrally
buoyammmedrﬂﬁngﬂuidsmbcMe.meamforfadutaﬁngseparaﬁonofme
components in the mixture, which means comprises;

upsh'eamseparatormeanscomprisedofahydrocydonedesigned,
consmnedandarrmgedbrseparaﬁngoﬂandwatercamam\tsofmﬂuid
mixture and for separating oil from the neutrally buoyant solids particle nucleus
which is present in the fluid mixture inletted to the hydrocyclone to render the
solids particles non-buoyant, said hydrocyclone having a separating chamber
with an inlet means for inlet of the fluid mixture to be separated, an underflow
outlet for outletting more dense materials in the mixture comprised substantially
of water, non-buoyantsolidsparticlesandresidualoildroplets.andmoverﬂow
outlet for outletting a less dense oil component of the mixture; and

downstream separator means provided downstream of the hydrocyclone
for receiving the materials from the underflow outlet of the hydrocycione;

said downstream separator means further having means for collecting
and discharging solids particles passing with the materials from the underflow
of the hydrocyclone into said downstream separator means, and also having
means for recirculating a clarified water component to the drilling fluids stream.

2. The fiuid separation system of Claim 1 wherein said downstream
separator means includes a holding vessel for permitting gravity separation of
solids particles and liquids from the underflow outlet materials.

-3 The fluid separation system of Claim 1 wherein said downstream
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separator means includes a centrifugal separator.

4.  The fluids separation system of Claim 1 wherein said downstream
separator means includes a hydrocyclone.:

5.  The fiuid separation system of Claim 1 wherein said upstream
separator is a dewatering type hydrocycione which is of the type for handling
a relatively high percentage of oll.

6. The fluid separation system of Claim 1 including a first gravity
separation vessel upstream of the hydrocycione wherein the drilling fluids are
passed into said first gravity separation vassel prior to the upstream separator
for gravity separating the fiuids into an oll layer near the top portion of the
vessel, a water layer at the bottom portion of the vessel, and a suspension
layer containing the neutrally buoyant oil coated particles, between the oil and
water layers.

7. The fluid separation system of Claim 6 and further including
fiowline means for taking the fiuids from the suspension layer into the inlet of
the hydrocyclone.

8. The fiuids separation system of Claim 7 including means for
returning the clarified water component to the first gravity separation vessel.

9. The fluid separation system of Claim 8 and further including
means for returning the clarified water components into the water layer of the

first gravity separation vessel.

10. In a fluid separation system for processing a fiuid mixture

~ including oil and water components with solids particles suspended therein and

wherein oil in the mixture has coated the solids particles to form an oil coated
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nucleus which is neutrally buoyant and forms a suspension with the water
component, means for facilitating separation of the components in the mixture,
which means comprises;

upstream separator means comprised of a hydrocycione designed,
constructed and arranged for separating ol and water components of the fiuid
mixture and for separating oil from the oil coated nucleus which is present in
the fluid mixture inletted to the hydrocycione to render the solids-particies non-
buoyant, said hydrocyclone having a separating chamber with an inlet means
for inlet of the fiuid mixture to be separated, an underflow outet for outietting
more dense materials in the mixture comprised substantially of water and non-
buoyant solids particies, and an overflow outiet for outietting a less dense ol
component of the mixture;

downstream separator means provided downstream of the hydrocycione
for receiving the materials from the underflow outlet of the hydrocycione; and

means cooperating with the downstream separator mean for discharging
solids particles passing with the materials from the underflow of the
hydrocyclone into said downstream separator.

11. The fluids separating system of Claim 10 wherein residual oil
dropletsarepassedwiﬂ)memqredensematerialspassingﬁanmm
outlet and further including means on the downstream separator for providing
oil and water exit streams that are separate, one from the other.

12.  The fluid separation system of Claim 10 wherein said downstream
separator means includes a holding vessel for permitting gravity separation of
solids particles and liquids from the underflow outlet materials.

13.  The fiuid separation system of Claim 10 wherein said downstream
separator means includes a centrifugal separator.

14. The fluids separation system of Claim 10 wherein said
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downstream separator means includes a hydrocycione.

15. The fiuid separation system of Claim 10 wherein said upstream
separator is a dewatering type of hydrocyclone which is of the type for handling
a relatively high percentage of oil.

16.  The fiuid separation system of Claim 10 and further including a
first gravity separation vessel upstream of the hydrocyclone wherein the fiuid
mixture is passed into said first gravity separation vessel prior to the upstream
separator for gravity separating the mixture into an oil layer at the top of the
vessel, a water layer at the bottom of the vessel, and a suspension layer
containing the oil coated solids particles, between the oil and water layers.

17.  The fluid separation system of Claim 16 and further including
flowline means for taking fluids from the suspension layer to the inlet of the

hydrocyclone.

18. The fluid separation system of Claim 17 including means for
returning water and solids outletting from the underfiow outlet of the
hydrocyclone to the first gravity separation vessel.

19. A method for separating components of a fluid mixture including
oil and water components with solids particles which are coated with oil
suspended therein to form a neutrally buoyant suspension, comprising the
steps of;

passing the suspension containing the oil coated solids and water into
the inlet of a hydrocyclone, which hydrocyclone is constructed and arranged
for separating oil and water components of a fluid mixture and has overflow
and underflow outlet means for odtletting less dense and more dense
components respectively;

separating the oil coating from the solids particle in the hydrocyclone;



WO 92/19348

10

15

PCT/US91/02886

-4 -

passing the uncoated solids and water form the hydrocyclone through -
the underfiow outlet means; and

passingmeoilfrommehydrocycloneﬂwughsaidovemowouﬂet
means.

20. The method of Claim 19 wherein said underfiow outlet means
includes separate underfow outiets for predominantly separate solid particle
andwataroompomntsandfurﬂ\erndudmgpassmgﬂ'\esoudpamdesfrom
asdidsmderﬂowoyﬂetforpredomhanﬂyodetﬁngsdidparﬁdesandpassing
predominantlywatérfromaseparahunderﬂowouﬂet '

21, The method of Ciaim 19 wherein the fluid mixture is taken from a
vesselhavinganoillayerandawaterlayerwimasuspensionlayerformedat
the interface of said oil and water layers wherein the suspension inletted to said
hydrocydoneisiakenﬁomsaidsuspensimlayer,andmmhdudingpassing
the uncoated solids and water from the underflow outlet back into said

suspension layer.
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