Développement économique Canada

Office de la Propriété Intellectuelle du Canada

I*I Innovation, Sciences et

Innovation, Science and
Economic Development Canada
Canadian Intellectual Property Office

(86) Date de dépo6t PCT/PCT Filing Date: 2020/06/19

(87) Date publication PCT/PCT Publication Date: 2020/12/24

(85) Entrée phase nationale/National Entry: 2021/12/08

(86) N° demande PCT/PCT Application No.: CA 2020/050863
(87) N° publication PCT/PCT Publication No.: 2020/252597

(30) Priorités/Priorities: 2019/06/20 (US62/864,170),
2019/10/29 (US62/927,407)

(51) CLInt./Int.Cl. £27B 37/00(2006.01),
E21B 11/00(2006.01), E21B 21/08 (2006.01),
E21B 23/00(2006.01), E21B 29/00 (2006.01),
E21B 7/00(2006.01)

(71) Demandeur/Applicant:
SOURCE ROCK ENERGY PARTNERS INC., CA

(72) Inventeurs/Inventors:
FALK, KELVIN, CA;
YORGASON, BRANDON, CA,
THAUBERGER, NICK, CA,
STINN, BOB, CA

(74) Agent: NORTH & COMPANY LLP

(54) Titre : SYSTEME DE BROYAGE ET DE NETTOYAGE DE PUITS DE FORAGE ET PROCEDES D'UTILISATION
(54) Title: WELLBORE MILLING AND CLEANOUT SYSTEM AND METHODS OF USE

(57) Abrégé/Abstract:

Systems and methodologies are provided for simultaneously milling obstructions from within a subterranean wellbore while
pumping the milled obstructions and debris from the wellbore to the surface. The present systems and methodologies are
operative in a first milling and/or cleanout mode of operation to both mill the obstructions from the wellbore and then to clean such
debris therefrom, a cleanout mode of operation alone, and/or a flushing mode of operation to flush the system and wellbore as
desired. The present systems and methods of use may comprise providing at least one sealing assembly for sealingly positioning
the system within the annular space of the wellbore, isolated the wellbore therebelow, providing at least one pump assembly
configured in reverse circulation for cleaning the wellbore, and providing at least one milling assembly for milling obstructions from

within the wellbore.

"
C an a da http/opic.ge.ca + Ottawa-Hull K1A 0C9 « arep:/eipo.ge.ca OPIC
OPIC - CIPO 191

Figure 38

CA 3141058 A1 2020/12/24

21 3 141 058

t2 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
(13 A1



Date Submitted: 2021/12/08

CA App. No.: 3141058

Abstract:

Systems and methodologies are provided for simultaneously milling obstructions from within a
subterranean wellbore while pumping the milled obstructions and debris from the wellbore to the
surface. The present systems and methodologies are operative in a first milling and/or cleanout mode
of operation to both mill the obstructions from the wellbore and then to clean such debris therefrom,
a cleanout mode of operation alone, and/or a flushing mode of operation to flush the system and
wellbore as desired. The present systems and methods of use may comprise providing at least one
sealing assembly for sealingly positioning the system within the annular space of the wellbore,
isolated the wellbore therebelow, providing at least one pump assembly configured in reverse
circulation for cleaning the wellbore, and providing at least one milling assembly for milling
obstructions from within the wellbore.
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WELLBORE MILLING AND CLEANOUT SYSTEM AND METHODS OF USE

CROSS REFERENCE TO RELATED APPLICATION

[0001] This application claims benefit of priority to U.S. Provisional Patent Application
Serial No. 62/864,170, entitled “PRESSURE BALANCED, WELLBORE MILLING SYSTEM”,

5 filed on June 20, 2019, and to U.S. Provisional Patent Application Serial No. 62/927,407,
entitled “PRESSURE BALANCED, WELLBORE MOTOR MILLING SYSTEM", filed October

29. 2019, the entire contents of which are hereby incorporated by reference in their entirety.

FIELD

[0002] Embodiments herein are generally related to systems and methodologies for

10  milling an abstruction from within a subterranean wellbore and/or cleaning debris and milled
obstructions from the wellbore. More specifically, systems are provided for simultaneously
milling obstructions from a wellbore and pumping the milled obstructions from the wellbore.

BACKGROUND

[0003] Oil and gas companies drill vertical or horizontal wells into hydrocarbon bearing
15 formations in order to gain extended wellbore access to these formations and to allow the
hydrocarbons to flow to the wellbore in order to produce them to surface. Problems arise,
however, when the wellbore becomes plugged with solidified sand, filter cake, built up scale,
or other hard particulate solids, or when downhole equipment becomes lodged or needs to
be milled from the depths of the wellbore (e.g. downhole millable plugs, frac sleeves, etc.).
20 In some cases, temporary equipment such as bridge plugs are intentionally installed and left
in the wellbore on the understanding that they will later need to be removed through a

downhole milling operation.
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[0004] Currents methods of cleaning a wellbore typically involve running in with some
form of tubing workstring and pumping fluids from the surface to the area to be cleaned
downhole, with the fluids and the entrained debris circulating back to the surface. If the target
material is hard, or if an operation is required to remove downhole equipment, the pumping
5 fluid may also be used to power a downhole milling motor and bit, where the pumping fluid
also acts to wash cuttings out of the mill cutting area, continuing to move the debris out of
the wellbore and retuning the fluids all the way back to the surface. In order for such know
methods to be successful, the bottom of the hole circulating pressure must be high enough
to support circulation but low encugh to prevent leak off into the formation. Moreover, the

10 fluid velocity and rheological properties must support sclids suspension and transport.
[0005] Predictably, milling challenges are encountered when the bottomhole pressure
of the well is insufficient to support fluid returns to the surface. Where fluids pumped into the
wellbore exit the work string at excessive pressures, the fluids may and will enter the
formation instead of returning to the surface. Operators can attempt to overcome these
15 conditions by pumping fast enough to overcome the loss rate to the formation, however,
losses can often be too high for such methods to succeed. Unfortunately, fluids losses to the
formation can potentially risk permanent damage to the formation, reducing future
hydrocarbon recovery and requiring long clean-up time (with the use of artificial lift systems).
[0006] Other methods of reducing circulation pressures while milling often involve the
20 use of coiled tubing, a downhole motor and mill, and pumping liquid and a gas phase — such
as nitrogen. The nitrogen reduces the return flow hydrostatics. One issue with this method
is the high cost of operation, while another issue is the tendency for the motor to stall due to
the compressibility of the gas phase. Stalls can be difficult to overcome, and not only delay

the operation by can cause motor overspeed when the stall weight is reduced. Finally, with
2
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gas phase making up part of the supplied flow rate to drive the motor, hole cleaning
performance is greatly reduced, as the gas phase does not significantly contribute to solids
transport in the horizontal section of the well.
[0007] Attempts to improve wellbore cleanout processes where the bottomhole
5 circulating pressure is a concern have involved the use of jet pumps, the pumps being used
to draw wellbore fluids into a closed-circuit hydraulic stream for return to the surface. Known
pumping procedures are generally successful in wells having very low bottomhole pressures,
where the wellbore fluids cannot be transported easily to the surface. Known pumping
system are typically designed such that well fluids and solids enter the jet pump at the
10 bottomhole pressure, with the pumps serving to increase fluid pressures while the fluids are
suctioned up the work string. In this regard, pumping systems can be used to facilitate
circulation where the circulation no longer depends on bottomhole pressure alone.
[0008] There is a need for improved wellbore cleaning systems and methods of use,
such systems operative to allow for cleaning operations to be conducted while also
15 maintaining a balanced, near-balanced, or underbalanced condition in the wellbore.
SUMMARY
[0009] According to embodiments, an improved system and methods of use for
simultaneously milling an obstruction from within the annular space of a subterranean
wellbore and cleaning milled debris from the wellbore is provided, whereby the system is
20 configured to maintain a balanced, near-balanced, or underbalanced bottom hole condition.
[0010] Broadly, the present system may comprise a jet pump assembly, a pressure
isolation tool comprised of a fluid flow bypass assembly and a sealing assembly for sealingly
engaging the system within the annular space of the wellbore, a tubing ‘stinger length

extending downhole from the system, and a milling assembly operably connected thereto. In
3
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some embodiments, the present system may comprise at least one fluid flow diverter sub,
providing an alternative fluid flow path through the system. In other embodiments, the
present system may comprise at least one telescopic pressure sub, operative to efficiently
and effectively position the milling motor and mill bit as its advances through the obstruction.
5 [0011] In some embodiments, the system comprises at least one tubing string for
deploying the system within the annular space of the wellbore, the tubing string rotatable
about its longitudinal axis and operative to rotate the entire system. When rotated, the system
may concurrently mill and suction the milled obstruction debris from the wellbore. When
stationary, the system may only to suction the debris from the wellbore without milling.

10 [0012] In some embodiments, the system comprises at least one sealing assembly
for releasably sealing and anchoring the system within the annular space of the wellbore and
isolating the wellbore therebelow. The system may be positioned and repositioned within the
wellbore, ensuring that the system, and its milling assembly, land at or near the obstruction
the wellbore.

15 [0013] In some embodiments, the system comprises at least one pump assembly,
operatively connected to the tubing string and in fluid communication therewith, for pumping
debris and wellbore fluids from the annular space of the wellbore into the system and to the
surface as return fluids. The at least one pumping assembly may be configured for reverse
circulation, receiving at least a first portion of a fluid stream injected from the surface into the

20 annular space of the wellbore as a power fluid stream for driving the at least one pump
assembly.

[0014] In some embodiments, the system comprises at least one fluid bypass
assembly forming a discrete fluid pathway through the system, for diverting fluids through

the system into the isolated portion of the wellbore therebelow. The at least one fluid bypass
4
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assembly may be configured to receive at least a second portion the injected fluid stream
from the surface as a cleaning fluid stream, and jetting the cleaning fluid stream downhole
flushing debris and wellbore fluids into the system for return to the surface. In some
embodiments, the system may comprise a flow diverter sub operably connected to the outlet
5 end of the fluid bypass assembly, the diverter sub providing an alternative, yet still discrete,
flow path through the system.
[0015] In some embodiments, the system comprises at least one milling assembly,
operatively connected to the tubing string and in fluid communication therewith, for milling
the obstruction when the system is rotated. In some embodiments, the present system may
10 further comprise at least one telescopic pressure sub, operably connected to the milling
assembly, for optimizing positioning of the milling assembly as it advances through the
abstruction.
[0016] In some embodiments, the system may comprise one or more filters or screen
elements for capturing larger debris particulates, preventing the larger debris from entering
15 and clogging the system.
[0017] According to embodiments, methods of concurrent milling and cleaning an
obstruction from the annular space of a subterranean wellbore are provided, the methods
comprising the use of a system sealingly positioned within the annular space of the wellbore
and isolating a target portion of the wellbore therebelow. In some embodiments, the methods
20 may comprise deploying the system with, and operably connected to, a tubing string, the
tubing string being rotatable about its longitudinal axis for rotating the system. In some
embodiments, the methods may comprise injecting a pressurized fluid stream from the
surface into the annular space of the wellbore uphole of the system, wherein at least a first

portion of the injected fluids enters the system as a power fluid stream to drive at least one
5
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pump assembly for pumping milled obstruction debris from the annular space of the wellbore
into the system, and wherein at least a second portion of the injected fluids is diverted
through a discrete flow path as a cleaning fluid stream to the isclated annular space of the
wellbore below the system. In some embaodiments, the methods may comprise rotating the
5 tubing string, which in turn rotates the system, to drive at least one milling assembly, for
milling the obstruction within the annular space of the wellbore, therein simultaneously milling
the obstruction, cleaning the annular space of the wellbore, and pumping milled obstruction
debris from the annular space into the system.
[0018] In some embodiments, the methods may comprise ceasing rotation of the
10 system and injecting the pressurized fluid stream from the surface into the annular space as
a power fluid stream to only pump the debris and wellbore fluids from the annular space of
the wellbore into the system. In other embodiments, the methods may comprise ceasing
rotation of the system and injecting a pressurized fluid stream from the surface into the
central bore of the tubing string to flush debris and cuttings from the milling assembly.

15 BRIEF DESCRIPTION OF THE DRAWINGS

[0019] Embodiments of the present system will now be described by way of an
example embodiment with reference to the accompanying simplified, diagrammatic, not-to-
scale drawings. Any dimensions not provided in the drawings are provided only for illustrative
purposes, and do not limit the invention as defined by the claims.
20 [0020] In the drawings:

[0021] Figure 1 depicts a schematic representation of a typical oil and/or gas well
having a horizontal section;

[0022] Figure 2 depicts a schematic representation of the present system deployed

within the horizontal wellbore shown in Figure 1, according to embodiments;
6
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[0023] Figure 3A depicts a schematic representation of the present system shown in

Figure 2, the system being configured to operate in a ‘flushing mode of operation’ with

forward circulation down the tubing string annulus, according to embodiments;

[0024] Figure 3B depicts a schematic representation of the present system shown in
5 Figure 2, the system being configured to operate in a milling mode and/or cleanout mode of

operation with reverse circulation of fluids pumping down the wellbore annulus, according to

embodiments;

[0025] Figure 3C depicts a schematic representation of the present system shown in

FIG. 3B, the system further comprising an intemal particulate screen, according to

10 embodiments;

[0026] Figure 3D depicts a zoomed in schematic view of at least one particulate
screen (shown in box AA of FIG.3C), according to embodiments;

[0027] Figure 3E depicts a cross-sectional side view (line BB in FIG. 3D) of the
particulate screen, according to embodiments;

15 [0028] Figure 4 depicts a zoomed in schematic view of the present system showing a
jet pump assembly and a pressure isolation tool consisting of a fluid bypass assembly and a
sealing assembly, according to embodiments;

[0029] Figure 5 depicts a zoomed in schematic view of a sealing assembly of the
present system, according to embodiments;

20 [0030] Figure 6A depicts a zoomed in schematic view of the milling assembly,
according to embodiments;

[0031] Figure 6B depicts a zoomed in schematic view of the mill bit portion of the

milling assembly, according to embodiments;
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[0032] Figure 7 depicts a schematic representation of an alternative embodiment of

the present system deployed within the horizontal wellbore shown in Figure 1, according to

embodiments;

[0033] Figure 8 depicts a zoomed in schematic view of the alternative embodiment of
5 the present system showing a jet pump assembly and a pressure isolation tool consisting of

a fluid bypass assembly, having a flow diverter sub, and a sealing assembly (box CC of

FIG.7), according to embodiments;

[0034] Figure 9A depicts a further zoomed in schematic view of the outlet end of the

fluid bypass assembly of the pressure isolation tool shown in FIG. 8 (box DD), with directional

10 arrows denoting fluid flow at the outlet end of the bypass assembly, according to
embodiments;

[0035] Figure 9B depicts a schematic cross-sectional side view (lines EE in FIG.9A)
of the outlet end of the fluid bypass assembly of the pressure isolation tool, according to
embodiments;

15 [0036] Figure 10 depicts a schematic view of an altemative embodiment of a fluid
diverter sub at the outlet end of the fluid bypass assembly of the pressure isolation tool, with
directional arrows denoting fluid flow at the outlet end of the bypass assembly, according to
embodiments;

[0037] Figure 11 depicts side view of a screen component shown encircling the

20 alternative fluid bypass assembly shown in FIG. 10, the screen being shown in isolation for
ease of reference;

[0038] Figure 12A depicts a schematic isolated view of the alternative fluid diverter

sub shown in FIG. 10, according to embodiments; and
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[0039] Figure 12B depicts a cross sectional side view (lines FF in FIG.12A) of the

alternative fluid diverter sub, according to embodiments;

[0040] Figure 13 depicts a schematic representation of the altemative embodiment

shown in FIG. 6, the system having the telescopic pressure sub deployed (or extended)

5 within the wellbore, according to embodiments; and
[0041] Figure 14 depicts a schematic zoomed in view of the telescopic pressure sub
shown in FIG.13.
DETAILED DESCRIPTION OF EMBODIMENTS

[0042] Reference will now be made to the accompanying drawings, which assist in
10 illustrating the various pertinent features of the present system. The following description is

presented for purposes of illustration and description and is not intended to limit the

inventions to the forms disclosed herein. Consequently, variations and modifications

commensurate with the following teachings, and skill and knowledge of the relevant art, are

within the scope of the presented embodiments. The embodiments described herein are
15 further intended to explain the best modes known of practicing the inventions and to enable

others skilled in the art to utilize the inventions in such, or other embodiments and with

various modifications required by the particular application(s) or use(s) of the presented

inventions.

[0043] Herein, the words “lower”, “upper”, “above”, “below”, reference to direction, and
20 variation thereof denote positions of objections relative to the wellbore opening at surface,

rather than to directions by gravity. For example, “lower” should be interpreted to mean

further downhole away from the wellbore opening and “upper” should mean further uphole

towards the wellbore opening.
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[0044] According to embodiments, systems and methods for concurrently milling an
obstruction and cleaning debris from the annular space of a subterranean wellbore are
provided. The present system may be sealingly positioned within the wellbore, and may be
interchangeably operated between milling andfor cleaning modes of operation and, where
5 desired, a flushing mode of operation, while advantageously maintaining a balanced near-
balanced, or underbalanced bottom hole condition. The present system will now be
described in more detail with reference to Figures 1 — 14.
[0045] Having regard to FIG.1, a sample horizontal well W completed with a well
casing C and having a deviated or horizontal section H, at least a portion of which extends
10 through a subterranean reservoir R. The horizontal section H may be open hole or lined with
a liner, casing or other type of well pipe that is known in the art. There may be a single casing
string {e.g. moncbore) all the way to the end or ‘toe’ section of the wellbore, or casing with a
liner in the horizontal section H. The diameter of the wellbore W may be consistent along its
entire length, or it may vary (e.g. at the casing-liner overlap). As would be understood, the
15 wellbore W may be open hole, or comprise a plurality of perforations or frac ports F
intermittently spaced along the horizontal section H to provide fluid communication with the
reservoir R. For illustrative purposes, the horizontal section H is shown to have one or more
millable obstruction(s) O, with such obstructions O fully or partially blocking the wellbore (e.g.
the obstruction(s) may be impacting production of fluids therefrom).
20 [0046] FIG. 2 depicts the same sample wellbore W shown in FIG. 1 with the present
system 100 positioned therein. The system 100 may be deployed within the wellbore by a
conventional oilfield service rig S and it may be sealingly positioned at, near, or within the

horizontal section H.

10
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[0047] Although the present disclosure describes the present system 100 being
deployed at, near, or within the horizontal section H of the wellbore W, a person of skill in
the art will know and understand that the present system and methods can be deployed in
one or more other sections of the wellbore. In some embodiments, the present system 100
5 may be deployed or ‘run in hole’ until the system 100 reaches an obstruction O, or to any
other such location as may be desired (e.g. where hole cleaning may be required). As will
be described, once in position, the present system 100 may sealingly engage the wellbore
annulus A, thereby closing off the annular space at its lower end (i.e. downhole from the
system 100, and operated in either a first milling mode of operation and/or a second cleanout

10 mode of operation.
[0048] Herein, service rig S used to deploy the system 100 may encompass, without
limitation, a tubing conveyance assembly (mast or other), one or more fluid pumps and
surface tanks, fluids, a power swivel, and other tubing rotation drive system. The present
system 100 may be deployed with or ‘run in hole’ via a workstring 10, interchangeably
15 referred herein to as a tubing string and/or a workstring, the length of which being operatively
increased or decreased in order to optimize positioning of the system 100. In some
embodiments, the tubing string 10 may be used to raise (travel uphole) and/or lower (travel
downhole) the system 100 within the wellbore as obstruction(s) are removed and the
wellbore becomes unplugged. In some embodiments, the tubing string 10 may also be
20 rotatable about its axis and thus used to operably rotate the system 100 during milling
operations (see rotational arrows; FIG.2). Advantageously, the present system 100 may be
positioned at a sufficient depth to achieve optimal use, that is — to achieve optimal fluid
differentials above and below the system 100 (e.g. depending upon changes in the bottom

hole pressure and/or system capacity), minimizing fluid losses and impact upon the reservoir
11
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R, while achieving optimal milling of obstructions and cleaning out of debris from within the
wellbore. To this end, the overall length of the present system 100 may be altered to suit
each specific application.
[0049] According to embodiments, as will be described in more detail, the present
5 system 100 may comprise at least one a jet pump assembly 20, a pressure isolation tool
comprised of a fluid flow bypass assembly 30 and a sealing assembly 40 for sealingly
engaging the system 100 within the annular space A, a tubing ‘stinger’ length 10/, and a
milling assembly 50. In some embodiments, the present system may optionally include at
least one filter or screen (60; FIGS. 3C, 3D, 3E, 10 and 11) for controlling the size of debris
10 being removed from the wellbore W. In other embodiments, the present system 100 may
include at least one fluid flow diverter sub 70 (FIGS. 7, 8, 9A, 9B, 10, 12A and 12B), providing
an alternative fluid flow path through the system 100. In yet other embodiments, the present
system 100 may include at least one telescoping pressure sub 80 positioned within the
stinger 10/, allowing the milling motor and mill bit to advance further into the cbstruction
15 material due to differential pressure force expanding the sub 80 (FIG.13).
[0050] Broadly, as will be described, the present system 100 may generally be
operated concurrently in a ‘milling mode of operation’ and a ‘cleanout mode of operation’. In
this mode of operation, the system 100 is configured for reverse circulation and is rotated to
advance the milling assembly 50 through one or more obstruction(s) O within the
20 subterranean wellbore W (e.g. FIG.3B). Power fluids PF are pumped from the surface down
the annular space A of the wellbore W, such power fluids PF operative to drive the jet pump
assembly 20, which serves to suction wellbore fluids and milled obstruction debris entrained
therein from the wellbore W to the surface. Accordingly, when the system is rotated, the

wellbore is cleaned simultaneously to the milling of the obstruction. Where desired, the
12
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present system 100 may alternatively be operated only in a ‘cleanout mode of operation’,
where rotation of the system 100 may ceased temporarily and fluids may be pumped through
the system 100 to sweep debris and cuttings from the milling assembly 50 (e.g. FIG.3A).
Once the wellbore W has been cleaned, rotation of the system can begin again and the
5 milling mode of operation may continue. Finally, when desired, the system may be operated
in a flushing mode of operation’, where pressurized fluids are pumped from the surface
through the system to flush cuttings and debris from the milling assembly.
[0051] In any of the foregoing modes of operation, the present system 100 may initially
be operably run in hole via tubing string 10, the tubing string 10 being extended until the
10 desired position within the annular space A of the wellbore W is reached. The pressure
isolation tool may then be engaged to sealingly anchor the present system 100 within the
annular space A of the wellbore W, effectively isolating a lower portion of the wellbore W
below the system 100.
[0052] Each of the foregoing components of the present system 100 and its modes of
15  operation will now be described in more detail.

[0053] Milling and/or Cleaning Mode of Operation: Having regard to FIG. 3B, in a

wellbore milling mode of operation, power fluids (arrows PF; FIG. 3B) may be injected into
the annular space A of the wellbore W, the fluids will reach the system 100. Power fluids
may comprise, preferably, water, brine, or any other appropriate fluids injected under
20 pressure into the annular space A. Upon reaching the system 100, at least a first portion of
the power fluids PF may form a ‘power fluid stream’ for operating the jet pump assembly 20,
and at least a second portion of the fluids may form a ‘cleaning fluid stream’ being controllably

diverted (e.g. jetted) downhole to clean the portion of the annular space A along the length

13
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of the system 100, before returning up through system 100 and tubing string 10 to the
surface.
[0054] More specifically, at least a first portion of the injected fluids for operating the
jet pump assembly 20 may form a ‘power fluid stream’ PF that enters the jet pump assembly
5 20, while at least a second portion of the injected fluids forms a ‘cleaning fluid stream’ (arrows
CF; FIG. 3B) that is directed through the fluid flow bypass assembly 30 to clean the isolated
section of the wellbore W therebelow. The bypassed cleaning fluid stream CF cleans the
wellbore W by flushing or sweeping solids collecting in the annular space A downhole
towards to the milling assembly 50. The cleaning fluid stream, along with the wellbore fluids

10 and solids entrained therein (collectively referred to herein as the wellbore fluids WF; FIG.
3B), are then pumped or suctioned up into the tubing string 10 by the jet pump assembly 20.
That is, jet pump assembly 20 draws wellbore fluids now containing at least the cleaning fluid
stream CF and debris/solids entrained therein up into the tubing string 10, through system
100 to the surface.

15 [0055] During this mode of operation, the service rig S rotates work string 10 about its
longitudinal axis, which in turn serves to rotate the present system 100, advancing the milling
assembly 50 through obstruction(s) O blocking the wellbore W. Where desired, rotation of
the present system 100 may be ceased, temporarily stopping the milling mode of operation,
while the jet pump assembly 20 continues to suction debris from the wellbore W. To this end,

20 depending upon whether or not the present system 100 is rotated, the milling mode of
operation may comprise a milling and suctioning operation (e.g. pump assembly 20 suctions
while milling assembly 50 is rotated), or a suctioning operation alone (e.g. solely operating

pump assembly 20 to suction while milling assembly 50 is stationary). During this mode of

14
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operation, injected fluids are recovered at the surface as a return fluid stream RF via the
tubing string 10 (as will be described in detail below).
[0056] Flushing Mode of Operation: In addition to the foregoing milling and/or cleaning
modes of operation, advantageously, when it is desired to flush the wellbore W and/or it is
5 required to reduce the hydrostatic fluid pressure in the wellbore W the present system 100
may also be operated in a cleanout or flushing mode of operation’ (shown in FIG.3A). In the
flushing mode of operation, power fluids are injected into work string 10 and through the jet
pump assembly 20 to wash the mill cuttings away from the area of milling, flushing the
cuttings to form a mill cuttings bed within the annular space A of the wellbore W. During this
10 mode of operation, injected fluids may be recovered at the surface via the annular space A
of the wellbore W.
[0057] As above, according to embaodiments, the present system 100 may be run into
the wellbore W via a wellbore tool such as drilling assembly or a bottomhole assembly
(‘BHA), the system 100 being positioned along and rotated with a suitable tubing string 10,
15  which can be a conventionally threaded drill pipe. In some embodiments, tubing string 10
may comprise a workstring having an upper portion 10y extending uphole from system 100
and an elongate lower ‘tailpipe’ or ‘stinger’ portion 10/ extending downhole from the system
100 (i.e. into the isolated section of the annular space A). For example, the lower portion of
tubing string 10 may extend downhole until it lands at or near the obstruction(s) O being
20 milled or cleaned from the wellbore W.
[0058] At its uphole end, the upper section of the tubing string 10y may be in fluid
communication with the service rig S and, at its downhole end, be in fluid communication

with jet pump assembly 20. The lower section of tubing string 10/ may, at its uphole end, be

15
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in fluid communication with jet pump assembly 20 and, at its lower end, be in fluid
communication with milling assembly 50.
[0059] In some embodiments, tubing string 10 may be formed in whole or in part by
drill pipe, metal or composite coiled tubing, liner, casing, or other downhole componentry,
5 and may comprise any form of appropriate attachments means for connecting the tubing
string portions together and/or for connecting the tubing string to downhole componentry
including, without limitation, threaded connections. It is further contemplated that the length
of tubing string 10 may be increased or decreased in order to reposition the system 100
within the wellbore, optimizing cleaning and/or milling of obstruction(s) O from the wellbore
10 W. In some embodiments, tubing string 10 may be further comprised of data and/or power
transmission carriers, as applicable.
[0060] In some embodiments, having regard to FIGS. 3C, 3D and 3E, the lower
portion of tubing string 10/ may include at least one filter or screen 60 positioned in the tubing
string 10/ and within the wellbore fluid stream WF flowing uphole, the screen 60 serving to
15 capture larger debris and/or milled particulates P within the wellbore fluids WF that are too
large to pass through jet pump assembly 20. Screen 60 may provide one or more apertures
or holes 61, such apertures being sized and shaped so as to accommodate trapping all
anticipated large size cutting during operation, while still allowing free flow of fluids returning
to the surface. In this manner, having regard to FIGS. 3D and 3E, screens 60 serve to restrict
20 the flow of larger particulates P, while still allowing wellbore fluids WF to flow uphole to the
assembly 20, thereby preventing the larger particulates P from entering and plugging-up the
jet pump assembly 20. As would be understood, smaller particulates entrained in the
wellbore fluids WF may pass through screen €0 to enter jet pump assembly 20, joining with

power fluids PF therein to form the return fluid stream RF returning to the surface.
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[0061] Depending upon the mode of operation, the upper portion of tubing string 10u
may form a high-pressure fluid conduit for providing fluids injected at the surface to the milling
assembly 50 (e.g. for flushing cuttings from the milling surface during flushing mode of
operation) or, alternatively, the upper portion of tubing string 104 may form a return fluid
5 string operative to receive wellbore fluids and debris entrained therein pumped from the
wellbore W to the surface via jet pump assembly 20 (e.g. during the milling and/or cleanout
modes of operation).
[0062] Depending upon the mode of operation, the lower ‘tailpipe’ portion of tubing
string 10/ may form a high-pressure fluid conduit for providing fluids injected at the surface
10 to the milling assembly 50 (e.g. flushing mode of operation) or, alternatively, the lower
‘tailpipe’ portion of tubing string 10/ may form a return fluid string operative to receive
wellbore fluids WF and debris entrained therein pumped from the wellbore W to the surface
via jet pump assembly 20 (e.g. milling and/or cleanout mode of operation).
[0063] Accordingly, advantageously, tubing string 10 enables a substantially
15  unrestricted flow path for the fluids flowing to the milling assembly 50 and/or fluids retumning
sand and debris from the wellbore W to the surface, while overcoming any potentially
negative impact of the relatively large flow area upon downhole fluid velocities and
bottomhole pressures. That is, the tubing string 10, and specifically lower tailpipe portion,
may be sized in order to optimize both annular velocity and internal tubing velocity in order
20 to ensure optimal solids transport.
[0064] It should be understood that while the present embodiments describe the use
of one tubing string 10, it is contemplated that an existing, installed, or additional wellbore
workstring (not shown) may be utilized to provide one or more additional fluid paths from the

surface to the system or vice versa. In some embodiments, the additional tubing string may
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be utilized to provide a cleaning fluid stream CF to the annular space A of the wellbore W
below the system 100, such an additional tubing string eliminating the need for a fluid bypass
assembly 30.
[0065] For example, one or more additional tubing strings may be positioned at or
5 near the horizontal section H of the wellbore, and may have an open ‘to€’ end allowing for
free fluid circulation down the annular space A of the wellbore W. In the milling mode of
operation, a power fluid stream may be injected into the one or more additional tubing strings
and down into the annular space A within the lower wellbore, wherein the advancing tubing
tail may sweep any sand and debris towards the intake end of the lower ‘tailpipe’ tubing string
10 10/ such that it can be drawn into the system 100 by the jet pump assembly 20.
[0066] According to embodiments, the present system 100 may comprise at least one
pump assembly 20, the assembly consisting of one or more pumps configured for reverse
flow to pump wellbore fluids WF to the surface. The at least one pump(s) may be any pump
having an adjustable pump rate {e.g. bottomhole pressure and/or circulation rate may be
15 controlled by the pump(s)), such as a jet pump.
[0067] Having regard to FIG. 4, in some embodiments, jet pump assembly 20 may
comprise one or more power fluid ports 22 for admitting power fluid PF into the assembly 20.
Fluids entering port 22 are directed towards a main internal nozzle(s) of the at least one
pump(s) and then discharged into a throat area of the pump(s) and up to the surface via
20 tubing string 10u. In some embodiments, the one or more power fluid ports 22 may be formed
in or through the housing sidewall of pump assembly 20.
[0068] In some embodiments, at or near its downhole end, jet pump assembly 20 may
further comprise at least one wellbore fluid ports 24 for receiving wellbore fluids WF, having

debris and solids entrained therein, pumped up into the assembly 20. Wellbore fluids WF
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flowing under formation pressure into the assembly 20, via lower tubing string 10/, may be
directed towards internal nozzle(s) such that wellbore fluids WF entering pump assembly 20
become mixed with power fluids PF before being retumed to the surface (referred to
collectively as return fluids RF). That is, fluids entering wellbore fluid port 24 are in fluid
5 communication with fluids entering power fluid port 22, the collective fluids, combined with
debris/solids, forming a ‘return fluid stream’ RF pumped through the system 100 to the
surface.
[0069] In the milling mode of operation, where the pump assembly 20 operates in
reverse circulation, at least a portion of power fluid stream PF injected under high pressure
10 into the annular space A flows from the surface in the direction of the arrows PF (FIG. 4)
through at least one power fluid port 22 into the jet pump assembly 20, out the uphole end
of the pump assembly 20, and is returned to the surface. As the power fluid PF passes
through the jet pump assembly 20, the velocity of the power fluid PF increases significantly,
creating a jet stream. The jet pump assembly 20 thus acts like a venturi by taking the high-
15  pressure power fluid PF (pumped from surface) and increasing the velocity of the power fluid
as it passes out of the assembly 20 and back to the surface (via upper tubing string 10/).
Without being limited by theory, the increased velocity of the fluids passing through the
assembly 20 reduces the pressure in the power fluid PF stream, enabling the lower pressure
fluid stream to create a suction or lift effect to drawn up at least a portion of the wellbore
20 fluids and solids WF into the lower section of tubing string 10/ to the surface where the fluids
are expelled to surface tanks.
[0070] Where the pump assembly 20 operates in reverse circulation, the wellbore
fluids WF are suctioned into the system 100, flowing in the direction of the arrows WF.

Wellbore fluids WF are suctioned into the open, toe-end of tubing string 10/ and into pump
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assembly 20, via wellbore fluid port 24. In the pump assembly 20, the wellbore fluids WF mix
with the power fluid PF in the throat area of the one or more jet pump(s) to collectively form
the retumn fluid stream (arrows RF). The pressure of the recovered or retum fluids RF,
comprised of power fluid PF, well fluids WF and solids, drives the return fluid stream RF out
5 from a return fluid RF outlet in uphole end the pump assembly 20 and back to the surface,
overcoming the hydrostatic head. During the milling mode of operation, the entire system
100 may be rotated by the rotation of the tubing string 10 from the surface at conventional
milling speeds such that the milling assembly 50 may advance through any obstruction(s) O
that may be blocking the wellbore W. As above, where it is desirable to operate the jet pump
10 assembly 20 alcne, rotation of the system 100 may be ceased temporarily, allowing
suctioning of debris to continue without milling.
[0071] In the flushing mode of gperation, the tubing string 10w,/ and the pump
assembly 20 are fluidically connected to form a fluid pathway for directing fluids injected at
the surface to the milling assembly 50. The fluids are returned to surface via the annular
15 space A.
[0072] According to embodiments, the present systemn 100 may further comprise at
least one rotatable fluid bypass assembly 30. Broadly, the controlled fluid bypass assembly
30 may form a discrete fluid pathway extending through the assembly 30 (e.q. for
transporting fluids from the isolated annular space A uphole of the assembly through the
20 assembly to the annular space A therebelow, and vice versa). For example, during the milling
mode of operation, at least a first portion of the pressurized fluids injected into the annular
space A that become a ‘power fluid stream’ PF operate the jet pump assembly 20 as
described above, while at least a second portion of the injected fluids instead enter the

controlled fluid bypass assembly 30, becoming a ‘cleaning fluid stream’ CF jetted downhole
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for flushing sand and debris from the sealingly isolated portion of the wellbore W being
cleaned below the system 100. As will be described, the cleaning fluid CF controllably exits
bypass assembly 30 with sufficient velocity to stir up and entrain sand and debris in the
annular space A of the wellbore W, effectively serving to flush or sweep out the wellbore V.
5 [0073] In some embodiments, having regard to FIG. 4, the controlled fluid bypass
assembly 30 may comprise a tubular housing or sleeve 31 and mandrel 33, the sleeve 31
forming a central bore for concentrically receiving and encircling the mandrel 33. Mandrel 33
may also form a central bore in fluid communication with the jet pump assembly 20
thereabove, and the lower tubing string 10/ therebelow. Sleeve 31 and mandrel may be

10 operably connected, such as by threaded connection or other means known in the art.
Mandrel 33 may be operably connected with jet pump assembly 20 and tubing string 10 for
free rotation therewith. That is, at its upper end, mandrel 33 may be operably connected to
the downhole end of jet pump assembly 20, such that the mandrel 33, sleeve 31 and tubing
string 10 are configured to rotate freely.

15 [0074] In some embodiments, sleeve 31 may be specifically configured to form at least
one annular fluid port or channel 32 in the annular space between the outer surface of the
mandrel/tubing string 31,10 and the inner surface of sleeve 31. Each at least one flow control
channel 32 may consist of an upper fluid port 34 which, during the milling mode of operation,
receives pressurized fluids from the annulus A above system 100 (FIGS.3B and 4) into

20 channel 32, diverting the injected fluids downhole and, in contrast, during the flushing mode
of operation, serves to direct fluids flowing uphole from channel 32 back into the annular
space A above the system 100, where bottomhole pressures allow (FIG. 3A). Each at least
one fluid control channel 32 may also consist of a lower fluid port 36 which, during the milling

mode of operation, diverts fluids flowing through channel 32 out of the assembly 20 into the
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annulus A below system 100 (FIGS.3B and 4) and, in contrast, during the flushing mode of
operation, receives fluids from the annular space A below the system 100 into channel 32
for passage uphole. That is, power fluids PF injected under high pressure from the surface
into the annular space A uphole of the system 100 pass through fluid port 34 (in the direction

5 of arrows CF; FIG.3B) downhole along channel 32 and back into the annular space A
downhole of the system 100 through fluid port 36. In contrast, where desired, wellbore fluids
WF returning to surface during the flushing mode of operation pass through fluid port 36
uphole along channel 32 and back into the annular space A above the system via fluid port
34.

10 [0075] Herein, fluid flow through the at least one fluid flow control channel 32 may be
regulated. In some embodiments, each at least one fluid flow control channel 32 may be of
any size or configuration, and may be specifically designed for regulating fluid flow bypassing
pump assembly 30 into the annular space A therebelow (i.e. the annular space between the
liner and tailpipe). In some embodiments, each at least one fluid flow control channel 32 may

15 comprise flow-adjusting elements 35, such as a valve, choke, and/or nozzles, as known in
the art, for controllably regulating or restricting the passage of fluids through channel 32, as
desired. Flow-adjusting components may be positioned at or near upper fluid port 24, lower
fluid port 36, or a combination thereof as would be known in the art.

[0076] Preferably, in some embodiments, it is contemplated that each at least one

20 fluid channel 32 may be sized and shaped to cause cleaning fluids CF to enter the annular
space A below pump assembly 20 at a rate so as to sweep any wellbore solids or cuttings
within the annular space A towards the milling assembly 50, across the milling surface, and
into the tubing string 10 due to the suction from the jet pump assembly 20 thereabove (as

will be described in more detail below).
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[0077] In some embodiments, fluid flow through the at least one fluid flow control
channel 32 may be selectively opened and/or closed. In some embodiments, each at least
one fluid channel 32 may further comprise a pressure-activated valve actuated by a specific
pressure threshold for opening and closing channel 32. In other embodiments, the fluid
5 bypass assembly 30 may comprise a switching tool allowing the operator to selectively open
or close channel 32, as desired. For exampile, it is contemplated that such pressure-activated
components may operate by cycling from an open to a closed positioned (and vice versa)
when a specific pressure threshold is reached. When open, the at least one fluid control
channel 32 operates as above. When closed, all of the power fluids PF injected into the

10 wellbore W will pass solely through power fluid inlet port 22 of jet pump assembly 20.
[0078] Generally, the size and capacity of the bypass assembly 30 may be determined
to suit the particular operating conditions and desired performance criteria, as well as to
correspond to the planned operating pressure of the jet pump assembly 20. Without
limitation, it should be appreciated that the at least one fluid control channel 32 may enable
15 the bypass of fluids flowing from the annular space A above the system 100 to the space
therebelow at a velocity that is sufficiently high to agitate and entrain all or most of the
wellbore debris between the system 100 and the wellbore wall, to carry the debris to the
downhole end of the tubing string 10, and to remove it from the wellbore in the return fluid
stream RF. It should alsc be appreciated that the at least one fluid control channel 32 may
20 enable the bypass of fluids flowing from the annular space A below the system 100 to the
space thereabove at a velocity that is sufficient to return the fluids traveling uphole to the
surface. For example, the size and shape of each at least one fluid channel 32 may be
determined based upon the balancing of various factors including, without limitation, the size

of the reservoir R, the size of the wellbore W, the size/capacity of the workstring 10 and
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pump assembly 20, bottom hole pressures and temperatures, the size of the debris being
cleaned, and the transport velocity requirements, etc.
[0079] As would be appreciated by those skilled in the art, the fluid bypass assembly
30 may be machined or manufactured from materials selected to withstand the corrosive and
5 abrasive wellbore environment. In some embodiments, the fluid bypass assembly 30 may

be machined or manufactured from materials such as, without limitation, tungsten carbide,
ceramics, diamond, or other suitable materials as would be known in the art. Any adaptation
or madification of the present at least one fluid-controlled bypass assembly 30 may be used
to achieve the desired result.

10 [0080] According to embodiments, the present system 100 may further comprise at
least one sealing assembly 40, the sealing assembly 40 for releasably sealing the system
100 within the wellbare W and for isolating the annular space A below the system 100.
Broadly, the at least one sealing assembly 40 may be deployed using a wireline or slick line,
and may comprise one or more expandable components operative to isolate at least a

15  horizontal section H of the wellbore W. As will be described in more detail, at its lower end,
sealing assembly 40 may comprise a flow diverter sub 70 (FIG.7 and FIGS. 8A-F) for
providing alternative fluid flow through assembly 40.
[0081] Having regard to FIG. 5, the sealing assembly 40 may comprise at least one
pressure isolation element, or seal(s) 42, for sealingly contacting and anchoring the present

20 system 100 to the wall of the wellbore W, thereby preventing the flow of fluid through the
annular space A and isolating the section of wellbore being cleaned out below the system
100. Various sealing devices are contemplated including friction cups, inflatable packers,
compressible sealing elements, etc. In the particular embodiments illustrated herein, the at

least one seal(s) 42 may comprise an annular seal, such as a cup-style pressure isolation
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seal, for encircling and securing the system 100 within the wellbore W. In other
embodiments, the at least one seal 42 may comprise a compression packer style of seal for
securing the system 100 within the wellbore W. Seals 42 may be composed of any non-
metallic materials including composites, plastics, and elastomers. Any adaptation or
5 modification of the present sealing assembly 40 may be used to achieve the desired result.
[0082] In some embodiments, the at least one seals 42 may be disposed about sleeve
31 between inlet and outlet ends 34,36 of fluid flow control channel 32, allowing fluids to flow
through the fluid bypass assembly 30. At least one seal 42 may be provided, and preferably,
a plurality of seals 42 may be provided such seals positioned in series about sleeve 31. In
10 some embodiments, each of the at least one seals 42 may be ¢cperably integrated with at
least one sealed bearing assembly 44 so as to enable high speed rotation of the sealing
assembly 30 {i.e. the sleeve 31, mandrel 33 and tubing string 10) during the milling mode of
operation, or as otherwise desired.
[0083] More specifically, having regard to FIG. 5, at its lower end, each at least one
15 seal 42 may be positioned adjacent a bearing assembly 44, such that the bearing assembly
44 supports seals 42 while the main parts of the sealing assembly 30 rotates about its
longitudinal axis within the wellbore W. That is, each at least one seal 42 remains stationary,
supported by each at least one corresponding bearing assembly 44, maintaining a seal within
the annular space A whether or not sealing assembly 30 is rotated relative thereto. In some
20 embodiments, each at least one seal 42 may be operably connected with bearing assemblies
44 by a snap-fit connection, or any other appropriate connection known in the art, for
securing seals 42 in place. For example, bearing assemblies 44 may be configured so as to

serve as seal-retaining ring or backer.
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[0084] Bearing assemblies 44 may comprise an assembly housing 46 for receiving
and housing at least one bearing 48. An outer surface of each bearing housing 46 may
provide at least one lubricating fluid access port 47, for providing lubrication fluids to bearings
48. A downhole surface of the lowermost bearing assembly 44 forms a wellbore interface
5 against wellbore fluids therebelow. Bearing elements may be selected from heavy duty
bearings for rotationally and axially supporting loads resulting from wellbore pressure and
tubular movement. Any adaptation or modification of the present sealing assembly 40 may
be used to achieve the desired result.
[0085] MILLING ASSEMBLY: According to embodiments, having regard to FIGS. 6A
10 and 6B, the present system 100 may further comprise at least one milling assembly 50.
Generally, milling assembly 50 may comprise a well tool such as a drilling assembly or a
bottom hole assembly disposed on the workstring 10 to provide rotational movement of the
milling assembly 50, and operatively coupled to at least one motor 51. In operation, the
milling assembly 50 may be set down on the milling and/or drilling target or obstruction(s) O
15  for drilling or milling of the obstruction O, grinding it down or cutting into small transportable
pieces/cuttings. The milled cuttings may be transported back uphole in the annular space A
or, as would be appreciated by those skilled in the art, the cuttings may be hammlessly
distributed along the bottom side of the wellbore W.
[0086] The motor 51 may be hydraulically actuated by fluids being pumped through
20 the work string 10, and may comprise a positive displacement motor or other types of motors
known in the art. Milling assembly 50 may be configured to have fluid intake ports 53 for
receiving wellbore fluids WF suctioned into the system 100 during the milling and/or cleanout
mode of operation, such ports alternatively serving as output ports for directing flushing fluids

through the assembly 50 and into the wellbore during the flushing mode of operation.
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[0087] In some embodiments, the milling assembly includes a drill bit 52 configured
to disintegrate rock and earth. The bit 52 may be rotated (rotational arrow) by a surface rotary
drive or a motor using pressurized power fluids PF (e.g. mud motor) or an electrically driven
motor. In this regard, the milling assembly 50 may comprise a conventional positive
5 displacement motor and bit 52, where the motor may be any other such downhole drilling
motor, such as a turbine motor and where the bit 52 may be any mill-style of bit, such as a
polycrystalline diamond (PDC) bit, a tricone bit, or any other useable drilling or milling bit
type.
[00388] According to embodiments, the present system 100 may comprise at least one
10 flow diverter sub 70, for providing alternative fluid flow through the system 100, and
specifically through the downhole end of bypass assembly 30, during the milling and/or
cleanout mode of operation. According to some embodiments, flow diverter sub 70 may be
positioned at or near the downhole end of bypass assembly (FIGS. 7 —9). According to other
embodiments, flow diverter sub 70 may comprise an extension sub operably connected to
15 the bypass assembly (FIGS. 10— 12).
[0089] Broadly, as above, the system 100 may still initially be operably run in hole via
tubing string 10, the tubing string being extended until the desired position within the annular
space A of the wellbore W is reached. The pressure isclation tool may then be engaged to
sealingly anchor the present system 100 within the annular space A of the wellbcre W,
20 effectively isolating a lower portion of the wellbore W below the system 100. As above, the
present system 100 may comprise at least one jet pump assembly 20, a pressure isolation
tool comprised of a fluid flow bypass assembly 30 and a sealing assembly 40, for sealingly
engaging the system 100 within the annular space, and a milling assembly 50. As will be

described, the fluid flow bypass assembly may comprise and//or be in fluid communication
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with a flow diverter sub 70, such flow diverter sub 70 operating to modify the fluid flow path
at the downhole end of the bypass assembly 30.
[0090] Having regard to FIG. 8, a schematic representation of the present system 100
comprising a flow diverter sub 70 for providing an alternative, yet still discrete, fluid flow path
5 32 through bypass assembly 30 during the milling mode of operation. Pressurized fluids may

still be injected into the annular space A of the wellbore W, the fluids reaching the system
100. Pressurized fluids may comprise water, brine, or any other appropriate fluids injected
under pressure as known in the art. Upon reaching the system 100, at least a first portion of
the injected fluids enter into jet pump assembly 20 forming a ‘power fluid stream’ PF, while

10 at least a second portion of the injected fluids enter the fluid bypass assembly 30 forming a
‘drive fluid stream’ DF for driving the motor in the milling assembly 50 and exiting the bit 52
before flowing back up the annular space A and into system 100.
[0091] More specifically, the second portion of the injected fluids forming a ‘drive fluid
stream’ DF may enter the fluid bypass assembly 30, via upper fluid port 34 into channel 32.

15 Upon passing through channel 32, however, the second portion of the injected fluids pass
into flow diverter sub 70 and into lower tubing string 10/ until it reaches the milling assembly
50 to form a ‘drive fluid stream’ (DF; FIG.8). That is, rather than exiting channel 32 via lower
fluid port 36, the drive fluid stream DF instead passes through flow diverter sub 70 into the
stinger 10/ to the milling assembly 50, powering rotation thereof, as described below.

20 [0092] Having regard to FIG. 9A, at its upper end, flow diverter sub 70 may be
operably connected to fluid bypass assembly 30 and, at its lower end, to lower tubing string
10/. Such connections between componentry may by threaded connection or other means
known in the art, provided that the flow diverter sub 70 provides a fluid pathway between

bypass assembly 30 and tubing string 10/ As such, drive fluid stream DF pass through
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channel 32 of flow bypass assembly 30 may pass through one or more fluid diverter ports
72 and into central bore of the stinger 10/ until reaching the milling assembly 50, where the
fluids power the rotation of the milling assembly 50, which in turn rotates the bit 52 to drill or
mill the obstruction(s) O. Once milled, cuttings and debris entrained in wellbore fluids WF
5 travel up the annular space A before passing back into flow diverter sub 70 via external flow
ports 74, through transition channels 76 (FIG.9B), and into a discrete flow path formed within
the central bore 37 of mandrel 33 of the bypass assembly 30. As above, the central bore 37
of mandrel 33 is in direct fluid communication with the wellbore fluid port 24 of the jet pump
assembly 20 for passing wellbore fluids WF through assembly 20 and to the surface as retumn
10 fluids RF. FIGS. 10, 11 and 12, provide a schematic representation of an alternative flow
diverter sub 70, the sub 70 operative as described above. According to embodiments, having
specific regard to FIG. 11, the flow diverter sub 70 may comprise one or more tubular filters
or screens 60 for capturing and preventing larger particulates from entering external flow
ports 74. As above, screen 60 may comprise a plurality of apertures 61 sized and shaped to

15 accommodate trapping all anticipated large size cutting during operation.
[0093] In some embodiments, fluid flow through the at least one fluid flow diverter
ports 72 and external flow ports 74 may be regulated. That is, the ports 72,74 may be of any
size or configuration as determined and optimized by an integrated engineering approach,
and may be specifically designed for regulating fluid flow passing through flow diverter sub
20 70 in order to ensure that fluid rates in at least each of the jet pump assembly 20, the fluid
bypass assembly 30, and the milling assembly 50 are balanced and optimized. More
specifically, in some embodiments, the size and fluid flow capacity of external ports 74 may
be specifically determined based upon particle size limits for flow passage and rates through

the remaining components of the system 100.
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[0094] As above, in some embodiments, the milling assembly 50 and bit 52 may be
set down on the milling and/or drilling target or obstruction, the obstruction being ground
down or cut into small transportable pieces/cuttings. The milled cuttings may be transported
back uphole in the annular space A (as will be described) or, as would be appreciated by
5 those skilled in the art, the cuttings may be harmlessly distributed along the bottom side of
the wellbore W.
[0095] According to embodiments, having regard to FIGS. 13 and 14, the present
system 100 may further comprise at least one telescopic pressure sub 80, allowing the
milling assembly 50 and bit 52 to more accurately advance through the obstruction(s) O

10 using differential pressure forces. In this regard, sub 80 may be telescopically coupled to and
movable with milling assembly 50, where differential fluid pressures within sub 80 may be
used to controllably actuate the sub 80 to position and re-position milling assembly 50. That
is, advancement of the milling assembly 50 towards obstruction(s) O may either be assisted
by, or achieved with, the at least one telescopic pressure sub 80.

15 [0096] Broadly having regard to FIGS. 1 — 14, an improved wellbore milling system
100 and methods of use for both milling obstructions O plugging a wellbore W and for
evacuating debris and the milled obstructions O from the wellbore W is provided, whether
simultaneously or independently. VWhere desired, the present system may efficiently be
flushed through, removing cuttings from the milling assembly, without the need to move or

20 reposition the system.

[0097] The present system benefits from the entire system 100 being movably
positioned within the wellbore W. Preferably, the entire system 100 may be positioned at or
as close to the area being cleaned or to the obstruction(s) O blocking the wellbore W,

enabling ideal positioning of the 1ailpipe’ tubing string 10 extending from the system 100 into
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the horizontal section H of the wellbore W. Positioning of the system 100 enables fluid
velocities of the cleaning fluids CF to be sufficient to lift and carry sand and debris along the
horizontal wellbore to the downhole end of the string 10, and to operatively mill through
cobstructions O blocking the wellbore W while advantageously maintaining a balanced, near-
5 balanced, or underbalanced condition therein.
[0098] More specifically, an improved wellbore milling system 100 and methods of use
for both milling obstruction(s) O plugging a wellbore W and evacuating debris and the milled
obstruction(s) O from the wellbore are provided, whereby the system may further filter larger
particulates in the wellbore fluids WF, preventing larger particulates from entering and

10 plugging the system 100. The system may further comprise a flow diverter sub for providing
alternative, discrete fluid flow paths through the system. Finally, the system may further
comprise at least one telescopic pressure sub 80 for ensuring that the entire obstruction(s)
O being targeted can be milled through completely without the need to move or reposition
the system 100 within the wellbore W.

15 [0099] Although a few embodiments have been shown and described, it will be
appreciated by those skilled in the art that various changes and modifications can be made
to these embodiments without changing or departing from their scope, intent or functionality.
The terms and expressions used in the preceding specification have been used herein as
terms of description and not of limitation, and there is no intenticn in the use of such terms

20 and expressions of excluding equivalents of the features shown and the described portions
thereof. It is intended that the following claims be construed to include alternative

embodiments to the extent permitted by the prior art.
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CLAIMS

1. A system for milling and cleaning an obstruction from the annular space of a

wellbore, the system comprising:

at least one tubing string for deploying the system within the annular space of the
wellbore, the tubing string rotatable about its longitudinal axis and having a first uphole
section extending uphole from the system, a second downhole section extending
downhole from the system, and having a central bore forming a fluid pathway,

at least one sealing assembly for sealingly positioning the system within the
wellbore,

at least one pump assembly, operatively connected to the tubing string and in fluid
communication therewith, for receiving at least a first portion of a fluid stream injected
from the surface into the annular space of the wellbore, such first portion of the injected
fluids forming a power fluid stream for driving the at least one pump assembly to pump
milled obstruction debris and wellbore fluids from the annular space of the wellbore into
the system and to the surface as return fluids,

at least one fluid bypass assembly forming a discrete fluid pathway through the
system, for receiving at least a second portion of the fluid stream injected from the surface
into the annular space of the wellbore and diverting said second portion of the fluid stream
through the discrete fluid pathway into the annular space of the wellbore downhole of the
system, such second portion of the injected fluids forming a cleaning fluid stream; and

at least one milling assembly, operatively connected to the tubing string and in fluid
communication therewith, for milling the obstruction when the system is rotated.

2. The system of claim 1, wherein the at least one pump assembly comprises at

least one jet pump.
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3. The system of claim 2, wherein the at least one jet pump is configured for
reverse circulation fluid flow.

4. The system of claim 1, wherein the at least one pump assembly comprises at
least one power fluid port for receiving the power fluid stream from the annular space of the

5 wellbore uphole of the system.

5. The system of claim 1, wherein the at least one pump assembly comprises at
least one wellbore fluid port for receiving the wellbore fluids from the annular space of the
wellbore downhole of the system.

6. The system of claim 1, wherein the at least one pump assembly comprises an

10 uphole outlet port of directing the power fluid stream and the wellbore fluid stream 1o the
surface as a return fluid stream.

7. The system of claim 1, wherein the fluid bypass assembly further comprises a
tubular housing operably connected to a mandrel, the housing forming a central bore for
concentrically receiving and encircling the mandrel.

15 8. The system of claim 7, wherein the discrete fluid pathway is formed by an
annular space between an inner surface of the housing and an outer surface of the mandrel.

9. The system of claim 1, wherein the discrete fluid pathway comprises one or
more flow-adjusting elements for regulating fluid flow through the pathway.

10. The system of claim 1, wherein the fluid bypass assembly further comprises

20 onhe or more valves for controllably opening and closing the discrete fluid pathway.

11. The system of claim 1, wherein the sealing assembly comprises at least one

annular seal disposed about the sealing assembly and operably connected to at least one

bearing assembly allowing for rotation of the sealing assembly.

33

CA 03141058 2021-12-8



WO 2020/252597 PCT/CA2020/050863

12. The system of claim 1, wherein the milling assembly comprises at least one
mill bit.
13. The system of claim 1, wherein the milling assembly may comprise at least one
motor.
5 14. The system of claim 1 wherein the system further comprises at least one flow
diverter sub.
15. The system of claim 1, wherein the system further comprises a telescopic

pressure sub operably connected to the milling assembly.
16. The system of claim 1, wherein the central bore of the tubing string further
10 comprises a screen for filtering larger particulates from the wellbore fluids.
17. The system of claim 1, wherein when the system is stationary to operate the at

least one pumping assembly alone.

18. The system of claim 1, wherein the wellbore comprises a horizontal or deviated
wellbore.
15 19. The system of claim 18, wherein the system is deployed in the horizontal or

deviated section of the wellbore.
20. The system of claim 1, wherein the system may be movably deployed within
the wellbore until it reaches the obstruction.
21. The system of claim 1, wherein the length of the tubing string may be increased
20 or decreased to movably deploy the system within the wellbore.
22. A method of milling an obstruction from the annular space of a wellbore using
a system sealingly positioned within the annular space of the wellbore, the method

comprising:
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deploying the system within the annular space of the wellbore, the system deployed
with and operably connected to a tubing string, the tubing string being rotatable about
its longitudinal axis,

sealingly positioning the system within the wellbore,

injecting a fluid stream from the surface into the annular space of the wellbore uphole
of the system,

wherein at least a first portion of the injected fluids enters the system as a power fluid
stream to drive at least one pump assembly for pumping milled obstruction debris from
the annular space of the wellbore into the system, and

wherein at least a second portion of the injected fluids is diverted through a discrete
flow path as a cleaning fluid stream to the annular space of the wellbore below the
system, and

rotating the system to drive at least one milling assembly, operatively connected to the
tubing string, for milling the obstruction within the annular space of the wellbore, to
simultaneously mill the obstruction, clean the annular space of the wellbore, and
pumping milled obstruction debris from the annular space into the system.

23 The method of claim 22, wherein the method comprises ceasing rotation of the

system to only pump milled obstruction debris from the annular space of the wellbore into

the system.

20

24. The method of claim 22, wherein the method comprises ceasing rotation of the

system and injecting a fluid stream from the surface into the tubing string to flush milled

obstruction debris from the milling assembly.

CA 03141058 2021-12-8
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25. The method of claim 22, wherein the milling assembly is positioned at a
downhole end of the tubing string and the system is deployed until the milling assembly lands
at or near the obstruction.

26. The method of claim 22, wherein the method comprises operating the at least

5 one pump assembly in reverse circulation fluid flow.

27. The method of claim 22, wherein the method comprises diverting the cleaning
fluid stream into the annular space of the wellbore below the system with sufficient velocity
to agitate and entrain debris within the cleaning fluid stream.

28. The method of claim 22, wherein the system is rotatably sealed within the

10 annular space of the wellbore by at least one annular seal operably connected to at least
one bearing assembly, the at least one seal and bearing assembly disposed about the
sealing assembly.

29, The method of claim 22, wherein the cleaning fluid stream is diverted through
one or more flow-adjusting elements for controlling fluid velocity.

15 30. The method of claim 22, wherein the method comprises providing at least one

valve for controllably opening and closing the discrete flow path.
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