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FIG. 1

(57) Abstract: Systems and methods for removing sand from fluid in a subter-
ranean hydrocarbon development well include producing a cyclonic flow pattern
of a sandy fluid of the subterranean well within a wellbore of a subterranean well
with tangentially formed openings along a fluid flow path of the sandy fluid. The
cyclonic flow pattern causes sand traveling in the sandy fluid to fall downhole
as separated sand, and causes a de-sanded fluid stream to be directed uphole to-
wards a production tubing. The de-sanded fluid stream is produced through the
production tubing. The separated sand is collected proximate to a suction end of
a progressing cavity pump. The progressing cavity pump is operated so that the
separated sand flows through the progressing cavity pump and out a discharge
end of the progressing cavity pump, to produce the separated sand through a sand
discharge tube.

[Continued on next page]



WO 2019/0711:14 AT [0 00000 00 0O 00 O

Published:

—  with international search report (Art. 21(3))

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))



WO 2019/071114 PCT/US2018/054589

PCT PATENT APPLICATION

DOWNHOLE CENTRIFUGAL SEPARATION
AND REMOVAL OF SAND FROM WELLS USING PROGRESSING CAVITY PUMP

Inventors: Muhammad AYUB

Rafael Adolfo LASTRA

BACKGROUND OF THE DISCLOSURE

1. Field of the Disclosure

[0001]  This disclosure relates generally to sand and fluid separation, and more particularly to

the removal of sand from a from fluid in a subterranean hydrocarbon development well.

2. Description of the Related Art

[0002]  The production of formation sand from sandstone reservoirs into a well is well-known
in the petroleum industry and for both hydrocarbon and water wells. Excessive sand production
is very common from unconsolidated, poorly cemented and relatively young geological
formations. Moreover consolidated formations, in many regions of the world, are not completely
free from this problem; they also release sand, though may not be excessively high in volume.
Sand production also creates similar problems in fractured wells; where, to improve well
productivity, a huge quantity of sand, also known as proppant, is injected into hydraulically
generated fractures in rocks around wellbores. Some of the sand stays in fractures to keep them
propped; while significant amount of sand can flow back towards wellbores and creates

problems.

[0003] Formation sand production can not only plug wells, but also can erode downhole
equipment, artificial lift systems, wellhead assemblies and the surface facilities. Consequently
many operators can suffer from significant loss of productivity and the loss of equipment both
downhole and at the surface. Some operators attempt to control sand production to minimize or

eliminate such losses.
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[0004] Typical sand control methods include use of various types of sand screens, slotted
liners, gravel-pack schemes, and near wellbore sand consolidation techniques by various
chemicals. While these techniques can perform reasonably satisfactory to minimize the
production of sand under various operational conditions for various formations, an adverse effect
of some current sand control techniques is that they may reduce overall flow capacity of

formation fluids, such as oil, gas, and water, towards the wellbores.



WO 2019/071114 PCT/US2018/054589

SUMMARY OF THE DISCLOSURE

[0005] Embodiments of this disclosure include systems and methods for separating sand from
oil, gas and water as they enter the wellbore from the reservoir. Within a wellbore, the
centrifugal separation can be performed by generating a spiral or cyclonic flow pattern. Such
flow pattern can be generated by using a tangential perforation design or a specially designed
screen system. Because of the spiral flow pattern of the oil, gas, or water carrying the sand
within wellbore, sand as a heavier component would flow outward along the well sides, where
oil, gas or water as lighter component would stay in the middle of wellbore and flow upward
through the production tubing. The separated sand would fall down the wellbore through a one-
way flip valve and be collected in a sand chamber. The lower-end of the sand chamber can
release the collected sand towards the intake side of a progressing cavity pump for removal to the

surface through a sand discharge tube.

[0006] Systems and methods of this disclosure which provide centrifugal sand separation and
then sand removal by progressing cavity pump, not only improves oil and gas recovery, but also
can significantly improve the operating life-span of downhole completion equipment, artificial
lift systems and the surface facilities. Embodiments of this disclosure can be used in cased-
holes, open-holes, consolidated formations and unconsolidated formations. Moreover, the
technique may be used for both vertical and horizontal wells. It has been observed that sand
grains produced from deeper regions of the formation can improve permeability and effective
porosity network which may help to improve the productivity of reservoir fluids. Systems and
methods of this disclosure provide a sand control methodology that both minimizes the negative
impacts of sand production and improves productivity caused by restraining the flow of sand,

relative to some current sand control systems.

[0007] In an embodiment of this disclosure a method for removing sand from fluid in a
subterranean hydrocarbon development well includes producing a cyclonic flow pattern of a
sandy fluid of a subterranean well within a wellbore of a subterranean well with tangentially
formed openings along a fluid flow path of the sandy fluid, where the cyclonic flow pattern
causes sand traveling in the sandy fluid to fall downhole as separated sand, and causes a de-
sanded fluid stream to be directed uphole towards a production tubing. The de-sanded fluid
stream is produced through the production tubing. The separated sand is collected proximate to a
suction end of a progressing cavity pump. The progressing cavity pump is operated so that the
separated sand flows through the progressing cavity pump and out a discharge end of the

progressing cavity pump, to produce the separated sand through a sand discharge tube.
-3-
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[0008] In alternate embodiments, a flow path of the sand discharge tube can be separate from a
flow path of the production tubing. The tangentially formed openings can be located in a
sidewall of a cyclonic separator located within the wellbore or can be tangentially oriented
perforations within a reservoir formation. Water can be added to the separated sand to form a
sand slurry before producing the sand slurry through the sand discharge tube and the de-sanded

fluid stream is a dry gas.

[0009] In other alternate embodiments, the method can further include cooling the progressing
cavity pump with a water cooling system. The water cooling system can include a duplex
umbilical tube with a cooling water pumped into the wellbore through a first bore of the duplex
umbilical tube and the cooling water can be pumped out of the wellbore through a second bore of
the duplex umbilical tube. The sandy fluid can be produced from a horizontal section of the

subterranean hydrocarbon development well.

[0010] In another alternate embodiment of this disclosure, a method for removing sand from
fluid in a subterranean hydrocarbon development well includes producing a cyclonic flow pattern
of a sandy fluid of a subterranean well within a wellbore of a subterranean well with tangentially
oriented perforations within a reservoir formation, where the cyclonic flow pattern causes sand
traveling in the sandy fluid to fall downhole as separated sand, and causes a de-sanded fluid
stream to be directed uphole towards a production tubing. The de-sanded fluid stream can be
produced through the production tubing. The separated sand can be produced through a sand

discharge tube that is separate from a flow path of the production tubing.

[0011] In alternate embodiments, the separated sand can flow through a progressing cavity pump
to produce the separated sand in the sand discharge tube. The progressing cavity pump can be
cooled with a water cooling system. The water cooling system can include a duplex umbilical
tube with a cooling water pumped into the wellbore through a first bore of the duplex umbilical
tube and the cooling water can be pumped out of the wellbore through a second bore of the
duplex umbilical tube. Water can be added to the separated sand to form a sand slurry before
producing the sand slurry through the sand discharge tube and the de-sanded fluid stream can be
a dry gas. The sandy fluid can be produced from a horizontal section of the subterranean

hydrocarbon development well.

[0012] In another alternate embodiment of the disclosure, a system for removing sand from fluid
in a subterranean hydrocarbon development well includes tangentially formed openings along a

fluid flow path of the sandy fluid, the tangentially formed openings oriented for producing a
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cyclonic flow pattern of a sandy fluid of a subterranean well within a wellbore of the
subterranean well, where the cyclonic flow pattern causes sand traveling in the sandy fluid to fall
downhole as separated sand, and causes a de-sanded fluid stream to be directed uphole.
Production tubing includes a fluid flow path for producing the de-sanded fluid stream. A
progressing cavity pump has a suction end and is positioned such that the separated sand collects
proximate to the suction end, flows through the progressing cavity pump, and travels out a
discharge end of the progressing cavity pump. A sand discharge tube includes a fluid flow path

for producing the separated sand.

[0013] In alternate embodiments, the fluid flow path of the sand discharge tube can be separate
from the fluid flow path of the production tubing. The tangentially formed openings can be
located in a sidewall of a cyclonic separator located within the wellbore or can be tangentially
oriented perforations within a reservoir formation. A one way valve can be located between the
cyclonic flow pattern and the progressing cavity pump. A slurry water can be added to the
separated sand to form a sand slurry before producing the sand slurry through the sand discharge

tube. The de-sanded fluid stream can be a dry gas.

[0014] In other alternate embodiments, a water cooling system can include a duplex umbilical
tube with a first bore of the duplex umbilical tube operable for pumping cooling water into the
wellbore and a second bore of the duplex umbilical tube operable for pumping the cooling water
out of the wellbore. The subterranean hydrocarbon development well can have a horizontal

section operable for producing the sandy fluid.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0015]  So that the manner in which the previously-recited features, aspects and advantages of
the embodiments of this disclosure, as well as others that will become apparent, are attained and
can be understood in detail, a more particular description of the disclosure briefly summarized
previously may be had by reference to the embodiments that are illustrated in the drawings that
form a part of this specification. It is to be noted, however, that the appended drawings illustrate
only certain embodiments of the disclosure and are, therefore, not to be considered limiting of

the disclosure’s scope, for the disclosure may admit to other equally effective embodiments.

[0016] Figure 1 is a sectional elevation view of a subterranean hydrocarbon development well
with a sand separation system and a sand removal system in accordance with an embodiment of

this disclosure.

[0017]  Figure 2 is a sectional elevation view of a subterranean hydrocarbon development well
with a sand separation system and a sand removal system, and shown with a horizontal section of

subterranean well, in accordance with an alternate embodiment of this disclosure.

[0018]  Figure 3 is a sectional elevation view of a subterranean hydrocarbon development well
with a sand separation system and a sand removal system, and shown with an artificial lift

system, in accordance with an alternate embodiment of this disclosure.

[0019]  Figure 4 is a sectional elevation view of a subterranean hydrocarbon development well
with a sand separation system and a sand removal system, and shown with an artificial lift
system and a horizontal section of subterranean well, in accordance with an alternate

embodiment of this disclosure.

[0020] Figure 5 is a partial sectional elevation view of a sand separation system, in

accordance with an embodiment of this disclosure.

[0021] Figure 6 is a sectional elevation view of a sand removal system, in accordance with an

embodiment of this disclosure.

[0022]  Figure 7 is a cross sectional view of a subterranean hydrocarbon development well

with radially extending perforations, in accordance with an embodiment of this disclosure.

[0023] Figure 8 is a cross sectional view of a subterranean hydrocarbon development well

with tangentially oriented perforations, in accordance with an embodiment of this disclosure.
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[0024]  Figure 9 is a sectional elevation view of a subterranean hydrocarbon development well
with a sand separation system and a sand removal system in accordance with an alternate

embodiment of this disclosure.

[0025]  Figure 10 is a sectional elevation view of a subterranean hydrocarbon development
well with a sand separation system and a sand removal system, and shown with an artificial lift

system, in accordance with an alternate embodiment of this disclosure.
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DETAILED DESCRIPTION OF THE DISCLOSURE

[0026] The disclosure refers to particular features, including process or method steps. Those
of skill in the art understand that the disclosure is not limited to or by the description of
embodiments given in the specification. The subject matter is not restricted except only in the

spirit of the specification and appended Claims.

[0027] Those of skill in the art also understand that the terminology used for describing
particular embodiments does not limit the scope or breadth of the embodiments of the disclosure.
In interpreting the specification and appended Claims, all terms should be interpreted in the
broadest possible manner consistent with the context of each term. All technical and scientific
terms used in the specification and appended Claims have the same meaning as commonly
understood by one of ordinary skill in the art to which this disclosure belongs unless defined

otherwise.

6,99 Gk

[0028]  As used in the Specification and appended Claims, the singular forms “a”, “an”, and

“the” include plural references unless the context clearly indicates otherwise.

[0029]  As used, the words “comprise,” “has,” “includes”, and all other grammatical variations
are each intended to have an open, non-limiting meaning that does not exclude additional
elements, components or steps. Embodiments of the present disclosure may suitably “comprise”,
“consist” or “consist essentially of” the limiting features disclosed, and may be practiced in the
absence of a limiting feature not disclosed. For example, it can be recognized by those skilled in

the art that certain steps can be combined into a single step.

[0030] Where a range of values is provided in the Specification or in the appended Claims, it
is understood that the interval encompasses each intervening value between the upper limit and
the lower limit as well as the upper limit and the lower limit. The disclosure encompasses and

bounds smaller ranges of the interval subject to any specific exclusion provided.

[0031] Where reference is made in the specification and appended Claims to a method
comprising two or more defined steps, the defined steps can be carried out in any order or

simultaneously except where the context excludes that possibility.

[0032] Looking at Figure 1, subterranean well 10 can be a subterranean hydrocarbon
development well for producing oil, gas, or water, or any combination of oil, gas or water.

Subterranean well 10 can extend from the surface, through cap rock 14, and into reservoir
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formation 16. Subterranean well 10 can end in reservoir formation 16 or extend into underlying

rock 18.

[0033] Subterranean well 10 can be cased with casing 20 that is surrounded by cement 22. A
portion of casing 20 that is located within reservoir formation 16 can have openings 24 to
provide a flow path between reservoir formation 16 and into wellbore 26 of subterranean well
10. In certain embodiments such as when reservoir formation 16 includes unconsolidated
reservoir rocks, gravel pack 28 can surround casing 20 within reservoir formation 16. In
alternate embodiments such as when reservoir formation 16 includes consolidated reservoir
rocks, all or a portion of subterranean well 10 can be uncased so that subterranean well 10

includes an open-hole (not shown).

[0034] Upper packer 30 can be located uphole from openings 24. Upper packer 30 seals
across wellbore 26 and around production tubing 32 to prevent a flow from passing by upper
packer 30 outside of production tubing 32. Production tubing 32 includes an internal bore that
provides a flow path for producing a de-sanded fluid stream, such as delivering a de-sanded fluid
stream to the surface. Lower packer 34 can be located downhole from openings 24. Lower
packer 34 seals across wellbore 26 and around sand discharge assembly 36 to prevent a flow
from passing by lower packer 34 outside of sand discharge assembly 36. Sand discharge

assembly 36 directs separated sand towards sand removal system 38.

[0035] As used in this disclosure, the term “uphole” refers to a position closer to the surface
measured along the axis of the well than the compared position, regardless of the orientation of
the axis of the well. As used in this disclosure, the term “downhole” refers to a position farther
from the surface measured along the axis of the well than the compared position, regardless of
the orientation of the axis of the well. As an example, in a horizontal portion of subterranean
well 10, a position uphole may be at the same vertical depth below the surface as the compared

position.

[0036] Separation system 40 can separate sand from a sandy fluid of the subterranean well 10.
The sandy fluid can be oil, gas, or water, or any combination of oil, gas, or water, that carries
sand. The sandy fluid enters subterranean well 10 through openings 24. Separation system 40
has tangentially formed openings 42 along a fluid flow path of the sandy fluid that produces a
cyclonic flow pattern of the sandy fluid within wellbore 26. The cyclonic flow pattern of sandy
fluid is produced solely by the tangentially formed openings 42 and no rotating components are

required to generate the cyclonic flow pattern. It is reservoir pressure that is used in combination

9.
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with tangentially formed openings 42 to generate the centrifugal force that separates sand.
Therefore the amount of sand removed from the sandy fluid is directly proportional to the
pressure and flow rate of the sandy fluid and embodiments of this disclosure are particularly well

suited for high pressure reservoirs.

[0037] In the embodiment of Figure 1, tangentially formed openings 42 are located in a
sidewall of cyclonic separator 44 located within wellbore 26. Cyclonic separator 44 can have
outer screen 46 and inner screen 48 and tangentially formed openings 42 can be located in one or
both of the outer screen 46 and inner screen 48. Cyclonic separator 44 can be supported within

wellbore 26 by screen hanger 49.

[0038] Due to centrifugal forces, the cyclonic flow pattern causes sand traveling in the sandy
fluid, which is a heavier or more dense component of the sandy fluid, to move radially outward
and fall downhole as separated sand. The separated sand can flow downhole in the annular space
50 between outer screen 46 and inner screen 48. The separated sand can pass through sand
discharge assembly 36 and collect in sand collection chamber 52 that is proximate to a suction
end of progressing cavity pump 54 of sand removal system 38. Oil, gas, and water, as the lighter
components will be concentrated along a radially central section of wellbore 26 as a de-sanded
fluid stream and will be directed uphole towards production tubing 32. The de-sanded fluid can

be produced through production tubing 32.

[0039] Sand discharge assembly 36 can include a generally frustoconical shaped passage that
directs separated sand through lower packer 34. Sand discharge assembly 36 can also include
one way valve 56. One way valve 56 is located between the cyclonic flow pattern and
progressing cavity pump 54. The operation of the one way valve 56 can be triggered
automatically when enough separated sand has accumulated in sand discharge assembly 36
above progressing cavity pump 54. When enough separated sand has accumulated in sand
discharge assembly 36, one way valve 56 can open to allow the separated sand to pass through

one way valve 56 and enter sand collection chamber 52.

[0040] Sand collection chamber 52 is defined within an inner diameter of wellbore 26
between lower packer 34 and sand removal packer 58. Sand removal packer 58 seals across
wellbore 26 and around intake aperture 60 to prevent a flow from passing by lower packer 34
outside of sand discharge assembly 36. Intake aperture 60 provides a flow path between sand

collection chamber 52 and the intake of progressing cavity pump 54.

-10-
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[0041] Progressing cavity pump 54 can be operated so that the separated sand flows through
progressing cavity pump 54 and out discharge end of progressing cavity pump 54, to produce the
separated sand through sand discharge tube 62. Sand discharge tube 62 includes an internal bore
that provides a fluid flow path for producing separated sand, such as delivering separated sand to
the surface. The fluid flow path of sand discharge tube 62 is separate from the fluid flow path of
production tubing 32 so that the separated sand is produced separately from the de-sanded fluid

stream.

[0042]  For an efficient operation of progressing cavity pump 54 the pump intake is provided
with a wet sand slurry 64 that is with a mixture of sand and a liquid, such as water or oil. In
some cases, to improve the pumpability of the separated sand, additional water may be needed
for improved fluidity of the accumulated sand. In certain embodiments, before entering
progressing cavity pump 54, a slurry water can be added to the separated sand to form sand
slurry 64 with improved pumpability compared to a dry sand. The slurry water can be provided
through umbilical 66 and the flow of slurry water can be controlled by water valve 68. Slurry
water may be useful, for example, where the de-sanded fluid stream is a dry gas, where there is
otherwise insufficient liquid, such as oil or water, being produced to form a sand slurry suitable
for efficient pumping with progressing cavity pump 54, or where there has been sand
solidification within sand collection chamber 52. The sand and liquid mixture produced at the
surface can further be treated to separate sand for disposal and the liquid can be used for

recirculation.

[0043] Progressing cavity pump 54 can be operated by electrical power supplied by power
cable 70 from the surface that is connected to progressing cavity pump motor 72. Progressing
cavity pump motor 72 can be used to power only progressing cavity pump 54 or can be a motor
that is shared with other downhole equipment. In alternate embodiments, progressing cavity
pump 54 can be powered by a hydraulic motor (not shown) or other known means for powering
a downhole pump. Although separation system 40 has been shown as a cyclonic separator, in
embodiments where an alternate or additional separator is used, electrical or hydraulic power for
progressing cavity pump 54 can be provided by or shared with such alternate or additional

separator.

[0044]  Progressing cavity pump 54 can pump sand without significant wear and tear at the
relatively greater discharge pressures required to transport thick sand slurry from bottom of
wellbore 26 to all the way to the surface. The operation of progressing cavity pump 54 can be

continuous or cyclic and may be automated depending on the rate of sand accumulation. That is,
-11-
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for greater or faster sand accumulation progressing cavity pump 54 could be operated on
continuous basis, where for reduced sand production rates progressing cavity pump 54 could be

automatically turned on when sufficient sand is collected in sand collection chamber 52.

[0045] In order to maintain the stability of progressing cavity pump 54 and to mitigate
vibrations of progressing cavity pump 54 pump centralizer 74 can circumscribe progressing
cavity pump 54. Pump centralizer 74 maintains progressing cavity pump 54 in the center of

wellbore 26 and provides the necessary rigidity for progressing cavity pump 54 rotation.

[0046] If progressing cavity pump 54 overheats, a water cooling system can be used to cool
progressing cavity pump 54. The water cooling system can utilize umbilical 76 to deliver
cooling water to progressing cavity pump 54. Umbilical 76 can be a duplex umbilical tube
having a first bore 78 for pumping cooling water into wellbore 26 and a second bore 80 for
pumping cooling water out of wellbore 26 after circulating cooling water through progressing
cavity pump 54. Umbilical 76 used for cooling water can be umbilical 66 that is used for slurry

water. Alternately, umbilical 76 can be separate from umbilical 66.

[0047] Looking at Figure 2, subterranean well 10 can include horizontal section 82 operable
for producing the sandy fluid. In embodiments where the sandy fluid is produced from
horizontal section 82, to accommodate separation system 40 and sand removal system 38, some
additional vertical well section is below the starting point of horizontal section 82. A
consideration when producing sandy fluid from horizontal section 82 is that because of gravity,
some of the produced sand may settled-down in horizontal section 82. However for high
pressure wells, flow rates are usually high enough that all or a majority of the sand would flow

with the sandy fluid to separation system 40.

[0048] In the embodiment of Figure 2 there is no gravel pack, but instead cement 22
surrounds casing 20 within reservoir formation 16 and openings 24 pass through both casing 20

and cement 22.

[0049] Looking at Figure 3, in order to improve production from subterranean well 10,
downhole artificial lift system 84 can be used. In the embodiment of Figure 3, artificial lift
system 84 is shown to include electrical submersible pump 86 that is commonly used in oil and
gas wells where natural reservoir energy is not sufficient to lift the fluids all the way to surface.
In some current systems, artificial lift system 84 can be severely damaged or can perform poorly
because of sand production with well fluids. In embodiment of this disclosure that include

artificial lift system 84, artificial lift system 84 can be coupled to production tubing 32 uphole of

-12-
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separation system 40, so that fluids entering artificial lift system 84 are sand-free. In alternate
embodiments, alternate pumping systems commonly used to boost production, such as rod-

pumps, can be used.

[0050] In the embodiment of Figure 3, artificial lift system 84 has a dedicated lift power cable
88. In alternate embodiments, progressing cavity pump 54 and artificial lift system 84 can share

a source of power or the same motor or other suitable driver.

[0051] Looking at the embodiment of Figure 4, artificial lift system 84 can also be used in

embodiments where the sandy fluid is produced from horizontal section 82.

[0052] Looking at Figure 5, a detailed view of an example embodiment of separation system
40 i1s shown. As shown in Figure 5, sandy fluid 90 enters tangentially formed openings 42 to
form a cyclonic flow pattern within cyclonic separator 44. Separated sand 92 flows downhole
along the annular space 50 between outer screen 46 and inner screen 48. De-sanded fluid stream
94 flows upward through production tubing 32. In alternate embodiments, there can be no inner
screen and tangentially formed openings 42 are located in the single sidewall of cyclonic
separator 44 located within wellbore 26 and the separated sand can flow downward along an

inner diameter of the single sidewall of cyclonic separator 44.

[0053] Looking at Figure 6, a detailed view of an example embodiment of sand removal
system 38 is shown. Sand slurry 64 enters pump intake 96 of progressing cavity pump 54. As
rotor 98 rotates within stator 100, separated sand is pumped through progressing cavity pump 54.
Rotor 98 is rotated with progressing cavity pump motor 72, which is secured to progressing

cavity pump 54 with motor coupling 102.

[0054] The separated sand exits progressing cavity pump 54 at discharge 104 and is pumped
out of subterranean well 10 through sand discharge tube 62. If required, slurry water can be
added through water valve 68, as indicated by slurry water flow arrow 106 in order to provide a
wet sand slurry 64. If cooling water is required, umbilical 76 can deliver cooling water to
progressing cavity pump 54. Cooling water is injected through first bore 78 as indicated by
cooling water inflow arrows 108a, 108b. After circulating cooling water through progressing
cavity pump 54, cooling water can be returned to the surface through second bore 80 of

umbilical 76, as indicated by cooling water outflow arrows 110a, 110b.

[0055] In the example embodiments of Figures 1-6, a traditional fracture pattern of radial
perforations 112 can extend into reservoir formation 16, as shown in Figure 7. In alternate

embodiments, tangentially oriented perforations 114 can extend into reservoir formation 16, as
-13-
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shown in Figure 8. In such an embodiment, tangentially formed openings 42 are the tangentially
oriented perforations 114. In such embodiments, cyclonic separator 44 is not required.
Alternately, tangentially oriented perforations 114 can be used in conjunction with cyclonic

separator 44.

[0056] Tangentially oriented perforations 114 can be used, for example, in cased hole
completions or in open-hole formations in consolidated reservoir formations. The orientation of

tangentially oriented perforations 114 form cyclonic flow pattern 116 within wellbore 26.

[0057] Looking at Figure 9, when cyclonic separator 44 is not used, the cyclonic flow pattern
cases separated sand to fall downhole along a radially outward portion along the inner diameter
of wellbore 26. The separated sand passes through one way valve 56 and enters sand collection
chamber 52. The de-sanded fluid stream is directed uphole towards production tubing 32.
Looking at Figure 10, tangentially oriented perforations 114 can additionally be used in

conjunction with downhole artificial lift system 84.

[0058] In an example of operation, to remove sand from fluid in subterranean well 10 a
cyclonic flow pattern of a sandy fluid can be generated within wellbore 26 of subterranean well
10 with tangentially formed openings 42 along a fluid flow path of the sandy fluid. The cyclonic
flow pattern causes sand traveling in the sandy fluid to fall downhole as separated sand, and
causes a de-sanded fluid stream to be directed uphole towards production tubing 32. The de-
sanded fluid stream can be produced through production tubing 32. The separated sand can be
collected proximate to a suction end of progressing cavity pump 54. Progressing cavity pump 54
can be operated so that the separated sand flows through progressing cavity pump 54 and out a
discharge end of progressing cavity pump 54, to produce the separated sand through sand

discharge tube 62.

[0059] Embodiments of the disclosure described, therefore, are well adapted to carry out the
objects and attain the ends and advantages mentioned, as well as others that are inherent. While
example embodiments of the disclosure have been given for purposes of disclosure, numerous
changes exist in the details of procedures for accomplishing the desired results. These and other
similar modifications will readily suggest themselves to those skilled in the art, and are intended
to be encompassed within the spirit of the present disclosure and the scope of the appended

claims.
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CLAIMS
What is claimed is:

1. A method for removing sand from fluid in a subterranean hydrocarbon development well,

the method including:

producing a cyclonic flow pattern of a sandy fluid of a subterranean well within a
wellbore of the subterranean well with tangentially formed openings along a fluid flow path of
the sandy fluid, where the cyclonic flow pattern causes sand traveling in the sandy fluid to fall
downhole as separated sand, and causes a de-sanded fluid stream to be directed uphole towards a

production tubing;
producing the de-sanded fluid stream through the production tubing;

collecting the separated sand proximate to a suction end of a progressing cavity pump;

and

operating the progressing cavity pump so that the separated sand flows through the
progressing cavity pump and out a discharge end of the progressing cavity pump, to produce the

separated sand through a sand discharge tube.

2. The method of claim 1, where a flow path of the sand discharge tube is separate from a

flow path of the production tubing.

3. The method of claim 1, where the tangentially formed openings are located in a sidewall

of a cyclonic separator located within the wellbore.

4. The method of claim 1, where the tangentially formed openings are tangentially oriented

perforations within a reservoir formation.

5. The method of claim 1, further including adding water to the separated sand to form a

sand slurry before producing the sand slurry through the sand discharge tube.
6. The method of claim 5, where the de-sanded fluid stream is a dry gas.

7. The method of claim 1, further including cooling the progressing cavity pump with a

water cooling system.

8. The method of claim 7, where the water cooling system includes a duplex umbilical tube
with a cooling water pumped into the wellbore through a first bore of the duplex umbilical tube
and the cooling water is pumped out of the wellbore through a second bore of the duplex

umbilical tube.
-15-
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9. The method of claim 1, where the sandy fluid is produced from a horizontal section of the

subterranean hydrocarbon development well.

10. A method for removing sand from fluid in a subterranean hydrocarbon development well,

the method including:

producing a cyclonic flow pattern of a sandy fluid of a subterranean well within a
wellbore of the subterranean well with tangentially oriented perforations within a reservoir
formation, where the cyclonic flow pattern causes sand traveling in the sandy fluid to fall
downhole as separated sand, and causes a de-sanded fluid stream to be directed uphole towards a

production tubing;
producing the de-sanded fluid stream through the production tubing; and

producing the separated sand through a sand discharge tube that is separate from a flow

path of the production tubing.

11. The method of claim 10, where the separated sand flows through a progressing cavity

pump to produce the separated sand in the sand discharge tube.

12. The method of claim 11, further including cooling the progressing cavity pump with a

water cooling system.

13. The method of claim 12, where the water cooling system includes a duplex umbilical
tube with a cooling water pumped into the wellbore through a first bore of the duplex umbilical
tube and the cooling water is pumped out of the wellbore through a second bore of the duplex

umbilical tube.

14. The method of claim 10, further including adding water to the separated sand to form a

sand slurry before producing the sand slurry through the sand discharge tube.
15. The method of claim 14, where the de-sanded fluid stream is a dry gas.

16. The method of claim 10, where the sandy fluid is produced from a horizontal section of

the subterranean hydrocarbon development well.

17. A system for removing sand from fluid in a subterranean hydrocarbon development well,

the system including:

tangentially formed openings along a fluid flow path of a sandy fluid of a subterranean

well, the tangentially formed openings oriented for producing a cyclonic flow pattern of the
-16-
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sandy fluid within a wellbore of the subterranean well, where the cyclonic flow pattern causes
sand traveling in the sandy fluid to fall downhole as separated sand, and causes a de-sanded fluid

stream to be directed uphole;
production tubing that includes a flow path for producing the de-sanded fluid stream;

a progressing cavity pump having a suction end and positioned such that the separated
sand collects proximate to the suction end, flows through the progressing cavity pump, and

travels out a discharge end of the progressing cavity pump; and
a sand discharge tube that includes a flow path for producing the separated sand.

18. The system of claim 17, where the flow path of the sand discharge tube is separate from

the flow path of the production tubing.

19. The system of claim 17, where the tangentially formed openings are located in a sidewall

of a cyclonic separator located within the wellbore.

20. The system of claim 17, where the tangentially formed openings are tangentially oriented

perforations within a reservoir formation.

21. The system of claim 17, further including a one way valve located between the cyclonic

flow pattern and the progressing cavity pump.

22. The system of claim 17, further including a slurry water added to the separated sand to

form a sand slurry before producing the sand slurry through the sand discharge tube.
23. The system of claim 17, where the de-sanded fluid stream is a dry gas.

24. The system of claim 17, further including a water cooling system that includes a duplex
umbilical tube with a first bore of the duplex umbilical tube operable for pumping cooling water
into the wellbore and a second bore of the duplex umbilical tube operable for pumping the

cooling water out of the wellbore.

25. The system of claim 17, where the subterranean hydrocarbon development well has a

horizontal section operable for producing the sandy fluid.
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