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An enclosed circulation tool for a well including a tubular body having a top end, a bottom end and an interior cavity. A progressive
cavity pump positioned at the bottom end of the body, the pump having a rotor mounted within a stator. The rotor has an upper
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(57) Abrege(suite)/Abstract(continued):

end and a lower end, with the upper end extending into the interior cavity. A drive Is coupled to and adapted to rotate the rotor In
order to draw sand Into the Interior cavity. A first fluid passage Is provided along which fluids from pumped from surface pass to
fluidize solids within the interior cavity. A second fluid passage Is provided along which fluidized solids from within the interior cavity

pass to surface.
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ABSTRACT OF THE DISCLOSURE
An enclosed circulation tool for a well including a tubular body having a top end, a
bottom end and an interior cavity. A progressive cavity pump positioned at the bottom end of
the body, the pump having a rotor mounted within a stator. The rotor has an upper end and a
lower end, with the upper end extending into the interior cavity. A drive is coupled to and
adapted to rotate the rotor in order to draw sand into the interior cavity. A first fluid passage
is provided along which fluids from pumped from surface pass to fluidize solids within the

terior cavity. A second fluid passage is provided along which fluidized solids from within

the interior cavity pass to surface.
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TITLE:

Enclosed Circulation Tool For A Well

FIELD

The present invention relates to an enclosed circulation tool which is used to remove solids

or tluids from the bottom of o1l wells.

BACKGROUND

Sand accumulations tend to choke off production in an oil well. United States Patent

5,033,545 (Sudol) 1s an example of an enclosed circulation tool that is presently used to remove

sand from o1l wells.

SUMMARY

According to an aspect of the present invention, there is provided an enclosed circulation
tool for a well, comprising: a tubular body having a top end, a bottom end and an interior cavity; a
progressive cavity pump carried by the body and positioned at the bottom end of the body, the
pump having a rotor mounted for rotation within a stator, the rotor having an upper end and a lower
end, the upper end extending into the interior cavity; a drive coupled to drive the rotor, the rotor
drawing solids or fluids into the interior cavity; a first fluid conduit in the tubular body along which
circulation fluids pass from the earth’s surface to the interior cavity; and a second fluid conduit in
the tubular body along which the circulation fluids and the solids or fluids pass from the interior
cavity to the earth’s surface.

According to another aspect of the present invention, there is provided a method of
removing soiids or fluids in a well, comprising: providing an enclosed circulation tool, the enclosed
circulation tool comprising: a tubular body having a top end, a bottom end and an interior cavity; a
progressive cavity pump carried by the body and positioned at the bottom end of the body, the
pump having a rotor mounted for rotation within a stator, the rotor having an upper end and a lower
end, the upper end extending into the interior cavity; a drive to rotate the rotor: a first fluid conduit
connected to the tubular body and along which ftluids pumped from the earth’s surface pass into the
interior cavity; a second fluid conduit connected to the tubular body and along which fluids from
within the interior cavity pass to the earth’s surface; positioning the enclosed circulation tool in a
well; rotating the rotor such that solids or fluids are drawn into the interior cavity; pumping

circulation fluids along the first fluid conduit to the interior cavity and along the second fluid
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conduit from the interior cavity, such that the solids or fluids drawn 1nto the interior cavity are

circulated through the second fluid conduit.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features will become more apparent from the following description in
which reference 1s made to the appended drawings, the drawings are for the purpose of illustration
only and are not intended to in any way limit the scope of the invention to the particular
embodiment or embodiments shown, wherein:

F1G. 1 1s a side elevation view, in section, of an enclosed circulation tool;

FIG. 2 1s a cross section of the enclosed circulation tool of FIG. 1, sectioned along line A-
A from FIG. 1;

FIG. 3 1s a side elevation view, in section, of the motor from the enclosed circulation tool

of FIG. 1; and
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FIG. 4 is a side elevation view, in section, of the anti-torque swivel head from

the enclosed circulation tool of FIG. 1.

FIG. § 1s a side elevation view, in section of a section of the tubular housing.

DETAILED DESCRIPTION
An enclosed circulation tool generally identified by reference numeral 10, will now be

described with reference to FIGS. 1 through 5.

Structure and Relationship of Parts:

FI1G. 1 describes an enclosed circulation tool 10 for a well 12. Enclosed circulation
tool 10 consists of a tubular body 14, a pump 16, a drive 18, a first fluid passage or conduit 20
and a second fluid passage or conduit 22. Tubular body 14 has a top end 24, a bottom end 26
and an terior cavity 28. Bottom end 26 is substantially closed, and may have shoes 27.
Pump 16 1s preferably a moineau progressive cavity pump as shown, having a rotor 15 and a
stator 17. An agitator, such as mixing blade 30, is mounted at a lower end 31 of and rotates
with rotor 15. Lower end 31 of rotor 15 protrudes from bottom end 26 of body 14. A
universal joint 32 connects an upper end 33 of rotor 15 to drive 18 within interior cavity 28.
Drive 18 1s coupled to rotor 15 and adapted to drive pump 16 in order to draw sand 34 into
interior cavity 28. For the purpose of illustration, sand 34 is shown as a layer in well 12,
although sand 34 may be any type of solids or debris that need to be cleaned out of well 12. It
will be appreciated that instead of sand 34, well bore fluids may be drawn into interior cavity
28 and carried to surface. Drive 18 is a fluid activated drive 35 activated by fluids pumped
from surface 36. First fluid passage 20 is provided along which fluids pumped from surface
36 pass in order to fluidize solids within interior cavity 28. Interior cavity 28 has holes 29
used to transfer fluidized solids into second fluid passage 22. Holes 29 may have various
sizes, depending on the type of debris being cleaned out of well 12. In one example, large
holes may be employed to clean out well 12 if large particulate matter is present, as opposed
to fine sand. Second fluid passage 22 is provided along which fluidized solids from within
Interior cavity 28 pass to surface 36. First and second fluid passages 20 and 22, respectively,
make up part of a concentric tubing string 53. Referring to FIG. 2, the relationship between
first fluid passage 20 and second fluid passage 22 is illustrated. As detailed in FIG. 3, fluid

activated drive 35 is a moineau motor 38 (also known as a mud motor). Moineau motor 38
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has a rotor 40 and a stator 42. Fluids passing through moineau motor 38 causes relative

rotation of rotor 40 and stator 42. Referring to FIG. 1, rotor 40 is coupled to rotate rotor 15.

A pump 44 is positioned on surface 36 to pump fluid down first fluid passage 20.
Arrows 46 indicate the flow of fluid through first fluid passage 20, while arrows 47 indicate
the flow of sand and other solid debris being drawn up by pump 16. Arrows 48 indicate the
flow of fluid and fluidized solids from interior cavity 28 into second fluid passage 22. A pump
50 may be positioned on surface 36 to pump fluid and fluidized solids from second fluid
passage 22 out of well 12. Arrows 52 indicate the flow of fluid through second fluid passage
22 and out of well 12. FIG., 2 shows a cross section of tubular body 14 taken from section A-
A from FIG. 1. FIG. 2 shows the arrangement of first fluid passage 20 and second fluid
passage 22, although other arrangements that facilitate the flow of fluid through tool 10 may

be used instead of the one shown.

Referring to FIG. 1, an anti-torque swivel head 54 is connected at the surface to first
and second fluid passages 20 and 22, respectively. Referring to FIG. 4, swivel head 54 1s
shown in more detail. Swivel head 54 consists of a first fluid line 56, a second flud line 58, an
anchor arm 60, a first portion 62, a second portion 64, a third portion 66, a tubing string
connection 68 and a locking pin 70. Swivel head 54 is built for the purpose of being able to
prevent concentric tubing string 53 from rotating while a drilling motor assembly (not shown)
1s being used with concentric tubing string 53. Fluid used with enclosed circulation tool 10
circulates through swivel head 54 through first and second fluid lines 56 and 58, respectively,
which connect to first and second fluid passages 20 and 22, respectively. A first end 72 of
anchor arm 60 is secured to second portion 64. A second end 74 of anchor arm 60 1s anchored
(not shown) to the rig, a deadline, anchorline, or the ground in order to prevent first, second,
and third portions 62, 64, and 66, respectively, from rotating. First portion 62 may be
provided as a pickup sub which may be attached to the rig and used to support swivel head
>4. First portion 62 also contains a fluid inlet 76 which may connect to pump 44 (not shown).
First portion 62 is threadably connected to second portion 64. Fluids from second fluid line 58
are prevented from flowing into first portion 62. Second portion 64 has a fluid outlet 78 which
may connect second fluid line 58 to pump 50. Second portion 64 1s threadably connected to

third portion 66. Third portion 66 is load bearing and is sealably and rotatably connected to
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tubing string connection 68. Tubing string connection 68 is threadably securable to

concentric tubing string 53. It should be understood that first, second, and third portions 62,
64, and 66 may be provided as a single piece. Locking pin 70 is provided on tubing string
connection 68, locking pin 70 being spring biased into engagement with a slot 80 positioned
on third portion 66. There may be provided a series of slots 80, as shown. When locking pin
70 1s engaged into one of slots 80, concentric tubing string 53 is unable to rotate relative to
swivel head 54. When locking pin 70 is pulled down to disengage slot 80, concentric tubing
string 53 is free to rotate relative to swivel head 54. A rope 82 may be provided to allow
locking pin 70 to be disengaged from a distance. Locking pin 70 i1s shown being
engaged/disengaged manually in FIG. 4. Alternatively, locking pin 70 can be engaged or
disengaged by automatic means, as for example using a hydraulic clutch system (not shown)
built inside swivel head 54. Because swivel head 54 is anchored to the rig and thus prevented
from rotating, when locking pin 70 is engaged with slot 80 concentric tubing string 53 1s
unable to rotate. Swivel head 54 allows fluids to continue circulating through first and second

fluid lines 56 and 58, respectively, when tubing string 53 is rotating or stationary.

FIG. 5 shows an example of a section 84 that may be used to form of tubular body 14.
Section 84 has first and second fluid passages 20 and 22, respectively, and is designed to
connect with other sections using male stab-in connector 86 and female stab-1n connector 88.
Male and female stab-in connectors 88 are coupled to first fluid passage 20 by couplers 90.

Section 84 also has centralizers 92 at the top and bottom that help maintain first fluid passage
20.

Operation:

Referring to FIG. 1, in order to clean out sand 34 from well 12, enclosed circulation
tool 10 1s lowered into well 12. Alternatively, enclosed circulation tool 10 may also be passed
down an existing drillstring (not shown). Shoes 27 help to secure tubular body 14 within well
12 and prevent unwanted rotation. Fluid is then pumped through first fluid line 56 (shown in
FIG. 4)nto first fluid passage 20, using pump 44 to pump fluid in the direction indicated by
arrows 46. The type of fluid may vary, although common fluids used in a sand clean out
include water separated from recovered crude oil. Referring to FIG. 3, as the fluid flows

through moineau motor 38, it turns rotor 40. Referring to FIG. 1, rotor 40 then rotates rotor
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15 through universal joint 32. Mixing blade 30 and rotor 15 of pump 16 draw sand 34

from well 12 up and into interior cavity 28, in the direction indicated by arrows 47. While in
interior cavity 28, sand 34 is mixed and fluidized with the fluid being passed down through
first fluid passage 20. Upon becoming agitated and fluidized, a mixture of fluids and fluidized
solids are formed, which then jet out through holes 29 and into second fluid passage 22. The
direction of the flow of the fluidized solids and fluid from interior cavity 28 into second fluid
passage 22 are indicated by arrows 48. The fluidized solids and fluid then pass up tubular
body 14 through second fluid passage 22 in the direction indicated by arrows 52, where they
exit well 12 at surface 36 and pass through second fluid line 58 (shown in FIG. 4). Pump 50
may be employed in order to provide additional pumping force on the fluids exiting well 12
through second fluid passage 22, so that lower fluid pressures can be used from pump 44.
This 1s advantageous, as it reduces the overall fluid pressure at bottom end 26, which prevents
any fluid from being forced into the formation being drilled. In one example, a pressure of
500 psi 1s applied to fluid at surface 36 by pump 44. This pressure will result in a weight of
800 pst at interior cavity 28 of enclosed circulation tool 10. The design of enclosed circulation
tool 10 1s such that there is a greatly reduced chance of any fluid being forced into the
formation being drilled in comparison with traditional clean out techniques, because sand 34
1s first drawn up into interior cavity 28 before being subjected to fluid pressure. This way, the

formation is subjected to very little fluid pressure.

Fluid 1s passed through enclosed circulation tool 10 until no more sand 34 can be
removed from well 12 at the current depth. Over the normal course of a well clean out, when
no more sand 34 can be removed at a certain depth, enclosed circulation tool 10 is then
lowered further, in order to clean out sand 34 lower down in well 12. This process is repeated
until well 12 is sufficiently clear of solid debris from drilling so that normal drilling
operations may be carried out. Clean out tool 10 is designed to draw up fluid consisting of up
to 80% sand, or other debris. Enclosed circulation tool 10 may also be used for the
production of oil, water, or any type of well fluid. This may be accomplished using the above
description with well fluids being removed instead of sand. Tool 10 may be permanently or

temporarily installed, depending on the application.

Tool 10 1s advantageously used with wells that have low fluid levels with unattainable
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circulation. This type of well typically absorbs any fluids sent downhole for pumping

purposes or otherwise.

Tool 10 can be installed in or retrieved from a well or a main production string using
wireline, rods, coiled tubing or regular tubing. It can be installed/retrieved In separate

components or as a whole. In addition, it may be assembled downhole.

Additionally, tool 10 may be used for well-testing.

Advantages:

With enclosed circulation tool 10, sand 34 is first drawn into interior cavity 28 by
pump 16 and then fluidized so it can be removed to surface 36. With the prior art, sand 34
was fluidized in the well bore 12 and there was a danger of forcing sand 34 into cracks 1n the
formation. When sand 34 is forced into cracks in the formation, it either plugs off the well
reducing well efficiency or quickly falls out again forcing you to go back in and clean it out
again. As you need not be concerned with forcing sand 34 into the formation with enclosed

circulation tool 10, you can use fluids at higher pressures.

Variations:

Drive 18 used to rotated pump 16 is illustrated as being a moineau mud motor 38
having a rotor 40 and a stator 42. It would be possible to use other types of drive 18. For
example, 1if electric power cables were available, for example extending to a measurement
while drilling (MWD) tool positioned in the drill string, an electric drive could be used.

Alternatively, a screw auger (not shown) could be used 1n place of pump 16.

Cautionary Warnings:
The enclosed circulation tool may not be suitable for all types of formations. If
chunks of rock become jammed in the pump 16 intake, it could prevent the pump from

rotating.

In this patent document, the word "comprising” is used in its non-limiting sense to

mean that items following the word are included, but items not specifically mentioned are not
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excluded. A reference to an element by the indefinite article "a" does not exclude the

possibility that more than one of the element is present, unless the context clearly requires that

there be one and only one of the elements.

It will be apparent to one skilled in the art that modifications may be made to the

illustrated embodiments without departing from scope of the Claims.
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What is claimed 1s:

1. An enclosed circulation tool for a well, comprising;:

a tubular body having a top end, a bottom end and an interior cavity;

a progressive cavity pump carrted by the body and positioned at the bottom end of the body,
the pump having a rotor mounted for rotation within a stator, the rotor having an upper end and a
lower end, the upper end extending into the interior cavity;

a drive coupled to drive the rotor, the rotor drawing solids or fluids into the interior cavity;

a first fluid conduit in the tubular body along which circulation fluids pass from the earth's
surface to the interior cavity; and

a second fluid conduit in the tubular body along which the circulation fluids and the solids or

fluids pass from the interior cavity to the earth's surface.

2. The enclosed circulation tool of claim 1, wherein the lower end of the rotor extends past the bottom

end of the body and an agitator 1s secured to the lower end of the rotor.

3. The enclosed circulation tool of claims 1 or 2, wherein the drive is a fluid activated drive activated

by fluids pumped from the earth's surface.

4. The enclosed circulation tool of any of claims 2 to 4, wherein the rotor is a first rotor and the fluid
activated drive 1s a moineau motor having a second rotor and a second stator, the second rotor being

coupled to the first rotor such that rotation of the second rotor results in rotation of the first rotor.

5. The enclosed circulation tool of any of claims 1 to 5, wherein an anti-torque swivel head is sealably

and rotatably connected to the first fluid conduit and the second fluid conduit at the earth's surface, and
wherein the anti-torque swivel head is having a locked and an unlocked position, the anti-torque
swivel head configured to prevent the enclosed circulation tool from rotating when in the locked

position.

6. A method of removing solids or fluids in a well, comprising:
providing an enclosed circulation tool, the enclosed circulation tool comprising:

a tubular body having a top end, a bottom end and an interior cavity;
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a progressive cavity pump carried by the body and positioned at the bottom end of the
body, the pump having a rotor mounted for rotation within a stator, the rotor having an upper end and
a lower end, the upper end extending into the interior cavity;

a drive to rotate the rotor;

a furst fluid conduit connected to the tubular body and along which fluids pumped
from the earth's surface pass into the interior cavity;

a second fluid conduit connected to the tubular body and along which fluids from
within the interior cavity pass to the earth's surface;

positioning the enclosed circulation too!l in a well;

rotating the rotor such that solids or fluids are drawn into the interior cavity;

pumping circulation fluids along the first fluid conduit to the interior cavity and along the
second fluid conduit from the interior cavity, such that the solids or fluids drawn into the interior

cavity are circulated through the second fluid conduit.
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