w0 2020/170044 A1 |0 0000 KO0 T O 0 0 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date

(10) International Publication Number

WO 2020/170044 Al

27 August 2020 (27.08.2020) WIRPOIPCT
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
E21B 21/08 (2006.01) E21B 37/00 (2006.01) kind of national protection available). AE, AG, AL, AM,
E21B 21/10 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
(21) International Application Number: CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
PCT/IB2020/000161 DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
(22) International Filing Date: KR, KW KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
13 February 2020 (13.02.2020) MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
. , OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
(25) Filing Language: English SC, SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN, TR,
(26) Publication Language: English TT, TZ, UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW.
(30) Priority Data: (84) Designated States (unless otherwise indicated, for every
16/280,364 20 February 2019 (20.02.2019)  US kind of regional protection available). ARIPO (BW, GH,
62/902,471 19 September 2019 (19.09.2019) US GM, KE, LR, LS, MW, MZ,NA, RW, 8D, 8L, ST, 8Z, TZ,
16/686,955 18 November 2019 (18.11.2019) US UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
] TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
(71) Applicant: STANG TECHNOLOGIES LTD. [CA/CA]; EE. ES, FIL FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
P.O. Box 598, Macklin, Saskatchewan SOL 2C0 (CA). MC, MK, MT, NL. NO, PL, PT, RO, RS, SE, SI. SK, SM.
(72) Inventors: STANG, Jonathan, M., P.O. Box 598, Mack- TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
lin, Saskatchewan SOL 2C0 (CA). MAGNER, Daryl, E.; KM, ML, MR, NE, SN, TD, TG).
9731 W. 57th Place, Arvada, CO 80002 (US).
Declarations under Rule 4.17:
(74) Agent: DEETH WILLIAMS WAL,L LLP; c/o FEATH- __ as to applicant's entitlement to apply for and be granted a
ER, Thomas E., 150 York Street, Suite 400, Toronto, On- .
- patent (Rule 4.17(ii))
tario M5H 385 (CA). — of'inventorship (Rule 4.17(iv))
(54) Title: MUTLI-CYCLE WELLBORE CLEAN-OUT TOOL

(57) Abstract: A clean-out tool and method of cleaning out a wellbore. The clean-out tool is

the clean-out tool.

FIG. 12-P1

placed at the end of a coiled tubing or other conveyance string. The clean-out tool comprises
a tubular housing providing an elongated bore through which fluid flows. The tubular housing
has back-jetting ports disposed at an upward angle therein. The clean-out tool is configured to
operate in a back-jetting mode when the clean-out fluid is pumped into the tubular housing at a
first flow rate. In this mode, at least a portion of clean-out fluid flows through the bore, up an
annular region and then through the back jetting ports. The clean-out tool is further configured
to operate in a fluid flow-through mode when the clean-out fluids are pumped into the bore of
the tubular housing at a second flow rate. In this mode, all of the clean-out fluid flows through

[Continued on next page]



WO 2020/170044 A1 | [0 009000000 0T 0 20 0 0

Published:

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

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



WO 2020/170044 PCT/1B2020/000161

MULTI-CYCLE WELLBORE CLEAN-OUT TOOL

BACKGROUND OF THE INVENTION

[0001] This section is intended to introduce various aspects of the art, which may be
associated with exemplary embodiments of the present disclosure. This discussion is believed
to assist in providing a framework to facilitate a better understanding of particular aspects of
the present disclosure. Accordingly, it should be understood that this section should be read

in this light, and not necessarily as admissions of prior art.

Field of the Invention

[0002] The present disclosure relates to the field of hydrocarbon recovery operations.
More specifically, the invention relates to wellbore completions and remediation operations.
Further still, the invention relates to a tool that may be connected to a string of coiled tubing

(or other working string) and used for wellbore clean-out.

Technology in the Field of the Invention

[0003] During the course of a wellbore operation, it is sometimes desirable to clean out the
wellbore. For example, after a well is completed and before a string of production tubing is
hung, the operator may wish to run a clean-out tool down the hole to circulate out cement chips,

sand, and other debris. For this operation, a clean-out tool is used.

[0004] In addition, it is sometimes desirable to clean out a producing well that has become
filled with sand. Such incidents may occur because the well is producing from an

unconsolidated formation, or due to a poorly designed fracturing operation.

[0005] In either of these instances, a simple nozzle may be run into a wellbore at the end
of a coiled tubing string. A coiled tubing connector may be used to connect the coiled tubing
string with the nozzle. An aqueous circulating fluid is pumped down the working string,

through the nozzle and then up the back side (or annulus) of the working string. Preferably, a
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surfactant, an acid or other chemical is injected down the coiled tubing string following the

aqueous circulating fluid as part of the clean-out.

[0006] A separate type of tool that also involves circulating fluid down a working string is
an abrasive perforating tool. Abrasive perforating tools utilize custom lateral jetting ports that
allow a fluid containing abrasive particles, e.g., sand, to be pumped downhole through the
working string at high pressures and then out of the jetting ports laterally. The abrasive fluid
erodes through the surrounding casing at a designated depth, then through the cement, and out
into the surrounding rock formation. This is an alternative to explosive charge perforating or

so-called plasma perforating.

[0007] Some abrasive perforating tools offer a clean-out function using reverse circulation.
In one aspect, an abrasive perforating tool may be part of a bottom hole assembly containing a
reverse ball check valve. The BHA components include a so-called CT connector, a
disconnect, a stabilizer, an abrasive cutting sub having at least one jetting nozzle, the reverse
ball check valve, and then the nozzle. A schematic view of such a device is shown in Figure

1 of U.S. Patent No. 9,115,558, the entirety of which is incorporated herein by reference.

[0008] The reverse ball check valve of the ‘558 patent includes a pin and a ball. When
fluid is pumped down the coiled tubing, the reverse ball check valve is forced closed,
preventing fluid from exiting the nozzle at the bottom of the BHA. Fluid is then directed
through the lateral jetting ports for hydraulic perforating. Subsequently, when sand or other

particulates are required to be cleaned out, a “reverse clean-out” procedure is conducted.

[0009] To perform the reverse clean-out, an aqueous fluid is injected down the back side
of the coiled tubing. The fluid is pumped downhole where it then flows back up the BHA,
through the reverse ball check valve, through the bore of the coiled tubing string and back up
to the surface. The fluid returns will include the abrasive fluid used in the perforating process.
A somewhat schematic reverse clean-out flow for a BHA having a known reverse ball check

valve is shown in Figure 2 of the ‘558 patent.
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[0010] As described in greater detail in the ‘558 patent, the use of reverse flow clean-out
valves is often impractical in connection with horizontal wellbores. This is because of the
significant likelihood of fill material gathering around the outer diameter of the BHA during
the reverse circulation phase. In this respect, the BHA cannot take advantage of gravity to
bring the fill material down to the nozzle as is present in a vertical well. Depending on the size
of the wellbore, the length of the horizontal leg of the well and the cleanout medium used, the
annular velocity (governed by gauge pressure at the surface) likely will not be high enough to

sweep the entire fill to the end of the bottom hole assembly.

[0011] Due to this limitation, the ‘558 patent disclosed a novel abrasive perforating tool
capable of being cycled during pumping operations to provide clean-out. Beneficially, fluids
can be pumped down the bore of the working string in the same direction for both abrasive
perforating and for clean-out, using a cycling mechanism. This allows for a multi-cycle

adjustment of tool function carried out by manipulating pumping rates.

[0012] A need exists for a downhole tool that operates with a similar cycling mechanism
for wellbore clean-out but without the abrasive perforating function. A need further exists for
a downhole flow diverter tool that not only provides for wellbore clean-out, but which permits
the operation of a separate hydraulically actuated tool further down the tool string, such as a

positive displacement motor.

BRIEF SUMMARY OF THE INVENTION

[0013] A multi-cycle clean-out tool for controlling a direction of a clean-out fluid within a
wellbore is first provided herein. The wellbore is lined with a string of production casing.
Optionally, the wellbore further includes a string of production tubing. In this case, the multi-

cycle clean-out tool is dimensioned to be run into the production tubing.

[0014] The clean-out tool is designed to be run into a wellbore from the surface. A
conveyance medium such as a coiled tubing string is used. In this instance, a CT connector

may be provided to connect the coiled tubing string to the clean-out tool.
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[0015] The clean-out tool first includes a tubular housing. The tubular housing provides
an elongated bore through which clean-out fluid may flow. The tubular housing includes
one or more back jetting ports disposed at an upward angle therein. The upward angle is
preferably at 15° to 60°, and more preferably at 45°, relative to the longitudinal central axis

of the tool.

[0016] The tubular housing may comprise an upper sub having an upper end and a lower
end. The upper end may serve as a box end that threadedly connects to the CT connector or
other bottom hole assembly. The tubular housing may further comprise a lower sub also
having an upper end and a lower end. The first end of the lower sub is abutted to a lower
end of the seat, while the lower end may be threadedly connected to a downhole tool such as

a nozzle or a positive displacement motor.

[0017] The clean-out tool also includes a piston. The piston defines a short cylindrical
body that is disposed at an upstream end of the tubular housing. The piston has an orifice
configured to deliver fluids from the coiled tubing string to the elongated bore of the housing.
Of interest, the piston forms a pressure shoulder as fluids are injected through the coiled

tubing string.

[0018] The clean-out tool additionally includes a tubular mandrel. The tubular mandrel
is slidably positioned within the housing. The mandrel has a proximal end connected to or
otherwise acted upon by the piston, and an open distal end, wherein the distal end forms a
plunger. In one embodiment, the plunger is a separate body threadedly or adhesively
connected to the distal end of the mandrel. Of interest, one or more slots are provided equi-

radially just above a lower end of the plunger.

[0019] The clean-out tool further includes a seat. The seat is disposed along the tubular
housing below the distal end of the mandrel. As shown in the Figure 12 series of drawings,
the seat has a central through-opening that is dimensioned to receive the plunger when the
piston and connected tubular mandrel slide from a raised position to a lowered position along
the tubular housing. The central through-opening provides a means for sealingly receiving

the plunger.
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[0020] The plunger and the central through-opening of the seat remain engaged in
overlapping relation during the entire fluid circulation operation, with the degree of overlap
changing as the piston, the mandrel and the connected plunger move between the raised and

lowered positions.

[0021] In one optional arrangement, a lower end of the plunger provides a restricted
opening, creating a pressure drop during use. Alternatively, the lower end of the plunger
may be completely closed off. In either arrangement, a separate nozzle may be disposed
below the tubular housing for wellbore cleanout. In another embodiment, a positive

displacement motor is disposed below the tubular housing.

[0022] A lower annular region is formed between the mandrel and the surrounding
tubular housing. The lower annular region provides fluid communication between the
elongated bore of the tubular housing and the back jetting ports when the radial slots of the
plunger are above the seat. However, when the plunger is moved to its lowered position, the
radial slots will pass across the seat, precluding clean-out fluid from flowing back up the
lower annular region. In this case, all clean-out fluid will pass through the plunger below the

seat.

[0023] In a preferred embodiment, the wellbore clean-out tool includes a spring. The
spring resides in an upper annular region between the tubular mandrel and the surrounding
tubular housing above the lower annular region. The spring is pre-loaded in compression to
bias the mandrel and connected plunger in the raised position. The upper annular region
(with the spring) and the lower annular region (with the back-jetting ports) are sealingly

separated.

[0024] The clean-out tool is configured to cycle a position of the mandrel and connected
plunger in response to fluid pumping rate into the wellbore. Preferably, the clean-out tool is
configured to cycle between two operating modes — a back-jetting mode and a flow-through
mode. In the back-jetting mode, clean-out fluid is pumped into the bore of the tubular
housing at a first flow rate. In this mode, at least a portion of the clean-out fluid flows through

the mandrel, back up the lower annular region, and then through the back-jetting ports. This
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leaves the remaining portion of the clean-out fluid to flow through the seat and out of the

clean-out tool.

[0025] The clean-out tool is also configured to cycle to a flow-through mode. This
occurs when the clean-out fluid is pumped into the bore of the tubular housing at a second
higher flow rate, above an activation rate. In this mode, all (or certainly substantially all) of
the clean-out fluid flows through the mandrel, through the seat, and out of the bottom of the

clean-out tool.

[0026] Preferably, the clean-out tool may further be configured to remain in a back-
jetting mode when the clean-out fluid is pumped into the bore of the tubular housing at a rate
higher than the first flow rate. In this position, a similar portion of the clean-out fluid flows

through the mandrel, back up the annular region, and through the back jetting ports.

[0027] In the preferred embodiment, the mandrel and connected plunger remain in a
raised position during run-in. The plunger is maintained a sufficient distance above the seat
to permit sufficient fluid to travel through radial slots in the plunger, and then up to the back
jetting ports without a significant pressure drop. Once the pump rate is raised to an activation
rate (referred to above as the “second flow rate”), the plunger is lowered to a point along or
through the central through-opening of the seat, providing for the flow-through mode. More
specifically, the radial slots move below the seat when the mandrel and connected plunger

move to its lowered position.

[0028] The relative ratio of fluid that flows through the back jetting ports and that flows
through the bottom of the tool during the back-jetting mode is a matter of design’s choice.
This ratio can be adjusted based on the cross-sectional area of the radial slots in the plunger,
the cross-sectional area of the lower annular region, the cumulative cross-sectional area of
the back jetting ports, the size of the flow through area in the seat, and the flow restriction

from downhole tool that may be below the clean-out tool as part of a bottom hole assembly.

[0029] To provide for the cycling of injection modes, the wellbore clean-out tool also

includes a sequencing mechanism. The sequencing mechanism is responsive to a sequence
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of flow rates applied above the piston. In one aspect, the sequencing mechanism comprises
a cylindrical body configured to cycle the mandrel between its back-jetting mode (wherein
the flow of clean-out fluids is split according to the operator’s needs) and its flow-through
mode (wherein all clean-out fluids exit through the seat). In one aspect, an intermediate
position is provided wherein the mandrel and connected plunger reside between the raised

position and the lowered position but the mandrel remains in its back-jetting mode.

[0030] Preferably, the sequencing mechanism is a J-slot sequencing mechanism. The J-
slot mechanism will cooperate with one or perhaps two pins that are disposed along the
tubular housing as a J-slot collar. The pins are configured to ride in slots along the J-slot
mechanism to cycle the mandrel and connected plunger between the raised position and the
lowered position. In this instance, the pins are fixed from axial movement and ride in the
slots of the J-slot channel of the mandrel to restrict axial movement of the mandrel on

alternating downward strokes.

[0031] Preferably, the clean-out tool will only cycle between a single back-jetting mode
and the flow-through mode. This may be worked out by providing a J-slot mechanism that

is configured to cycle between three settings, comprising:

(1) a first setting wherein the pin resides in a first slot that places the plunger
in the raised position in response to the biasing mechanical force exerted by the spring
on the mandrel at the first rate, or any rate below the first rate, allowing the clean-out

tool to remain in its back-jetting mode as a default position,;

(i1) a second setting wherein the pin moves higher in the first slot in response
to the injection of fluids into the wellbore at an increased pumping rate so that the
plunger advances to an intermediate position, restricting the plunger from moving

down the tubular housing to keep the plunger in its back-jetting mode;

(1i1) the first setting again wherein the pin resides in a second slot that keeps
the plunger in the raised position in response to the upward biasing force of the spring

while pumping at the first rate, or at any rate below the first rate; and
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(iv) a third setting wherein the pin moves higher along a third slot in response
to the injection of fluids into the wellbore at a second increased rate, or at any rate
higher than the second rate, and wherein the plunger slides from the raised position
to the lowered position, placing the clean-out tool in its flow-through mode wherein

all clean-out fluid flows entirely through the mandrel and the seat.

[0032] A method of cleaning out a wellbore using a clean-out tool is also provided. The
method first includes running a clean-out tool into the wellbore. The clean-out tool is run in
on a lower end of a string of coiled tubing. The clean-out tool is arranged in accordance with

the clean-out tool as described above, in any of its embodiments.

[0033] The method additionally includes locating the clean-out tool at a selected depth
along the wellbore. Preferably, the wellbore has been completed with a string of production
tubing. In this instance, the clean-out tool is run into the production tubing in order to clean

out fill that may have accumulated within the production tubing and casing.

[0034] The method further includes pumping a clean-out fluid down the coiled tubing
and into the bore of the tubular housing. This injection is done at a first flow rate. This
injection causes a portion of the clean-out fluid to flow into the plunger, out of the radial
ports of the plunger, and then back up the tubular housing where this portion will pass
through the lower annular region and then exit the clean-out tool through the back jetting
ports. The remaining portion of clean-out fluid will flow out of the seat. This is a back-

jetting mode.

[0035] The method also includes further pumping the clean-out fluid down the coiled
tubing and into the bore of the tubular housing at a second flow rate. Here, the second flow
rate 1s higher than the first flow rate. This increases a hydraulic force acting on the pressure
shoulder of the piston, and causes the mandrel and connected plunger to slide downward

along the tubular housing.

[0036] As the mandrel and connected plunger move down the tubular housing, the

distance of the radial slots in the plunger to the seat will reduce. In this position, the seat
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does not restrict the portion of flow exiting the radial slots, which will flow back up the lower
annular region and through the back jetting ports. At this point the clean-out tool remains in

its back-jetting mode.

[0037] Optionally, flow is dropped back down to the first flow rate. Pump rate is then
increased through the clean-out tool, thus increasing hydraulic pressure, until the fluid is
pumped at or above the second flow rate. Using a sequencing mechanism, the mandrel and
connected plunger move down the tubular housing until the radial slots have cleared the seat.
In this position, all of the clean-out fluid now flows through the plunger as located below the
seat. This is a flow-through mode. The mandrel may be cycled between the back-jetting
mode and the flow-through mode using a sequencing mechanism that is sensitive to pump

rate.

[0038] The sequencing mechanism is preferably a J-slot mechanism. In one aspect, the
J-slot mechanism has slots that cycle the plunger between the back-jetting mode and the

flow-through mode. The J-slot mechanism is configured to:

(1) maintain the clean-out tool in its raised position while pumping at or below
the first pump rate, placing the clean-out tool in a back-jetting mode wherein at least

a portion of the clean-out fluid flows through the back jetting ports;

(i) maintain the clean-out tool in an intermediate position while increasing
pump rate above the first pump rate (which may meet or exceed a second pump rate),
and wherein the same portion of the clean-out fluid flows through the mandrel, up

the lower annular region and through the back jetting ports;

(ii1) upon dropping the pump rate back down to or below the first pump rate,
allowing the spring to move the clean-out tool back to its raised position, which again

is the back-jetting mode;

(iv) upon raising the pump rate to a rate that meets or exceeds the second
pump rate (the “activation rate”), move the clean-out tool to its lowered position,
placing the clean-out tool in a flow-through mode wherein all clean-out fluid is forced

through the seat and downstream of the clean-out tool; and
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(v) repeat the cycle of steps (i) through (iv).

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] So that the manner in which the present inventions can be better understood, certain
illustrations, charts and/or flow charts are appended hereto. It is to be noted, however, that the
drawings illustrate only selected embodiments of the inventions and are therefore not to be
considered limiting of scope, for the inventions may admit to other equally effective

embodiments and applications.

[0040] Figure 1A is a cross-sectional view of a clean-out tool (or “flow diverter”) of the
present invention, in one embodiment. In this view, the clean-out tool is in its run-in position.
During the injection of a clean-out fluid, a significant portion of the injected fluid flows to back

jetting ports, while the remainder of the fluid flows through the end of the tool.

[0041] Figure 1B is a second cross-sectional view of the clean-out tool of Figure 1A. Here,
the clean-out tool has been cycled to an intermediate position. In this position, a significant
portion of the injected fluid continues to flow to the back jetting ports while the remainder of

the fluid flows through the end of the tool.

[0042] Figure 1C is a third cross-sectional view of the clean-out tool of Figure 1A. Here,
the tool has been cycled to its fully lowered position. In this position, a plunger has landed on
a seat, and all of the injected fluid travels through the clean-out tool with virtually no clean-

out fluid being diverted to the back jetting ports.

[0043] Figure 2A is a cross-sectional view of a clean-out tool of the present invention, in
a second embodiment. In this view, the clean-out tool is again in its run-in position wherein a
significant portion of injected clean-out fluid flows to back jetting ports, while a remaining
portion flows through the end of the tool. In this embodiment, a more restricted orifice (or

central flow-through opening) is used in the seat.

[0044] Figure 2B is a second cross-sectional view of the flow diverter of Figure 2A. Here,

the flow diverter has been cycled to an intermediate position. In this position, a significant

10
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portion of the injected fluid continues to flow to the back jetting ports while the remainder of

the fluid flows through the end of the tool.

[0045] Figure 2C is a third cross-sectional view of the flow diverter of Figure 2A. Here,
the tool has been cycled to its lowered position. In this position, the plunger has landed on the

seat, with virtually no clean-out fluid being diverted to the back jetting ports.

[0046] Figure 3A is a perspective view of a positive displacement motor as may be placed

below the clean-out tool of either Figure 1A or Figure 2A.

[0047] Figure 3B is an example of a suitable sliding sleeve shifting tool that may be used
as part of a bottom hole assembly with the flow diverter of Figure 2A.

[0048] Figure 3C is an example of a bridge plug that may be set, retrieved or drilled out

using a bottom hole assembly that includes the flow diverter of Figure 2A.

[0049] Figure 4A is a side view of a j-slot mechanism. In this view, pins are in a default

position along the slots.

[0050] Figure 4B is another side view of the j-slot mechanism of Figure 4A. In this view,

the pins have advanced along the channel and are in an intermediate position.

[0051] Figure 4C is another side view of the j-slot mechanism of Figure 4A. In this view,
the pins have advanced along the channel to a second slot but have returned to the default

position of Figure 4A.

[0052] Figure 4D is still another side view of the j-slot mechanism of Figure 4A. In this
view, the pins have advanced to a new slot along the channel and are now in a fully raised
position. In this position, the piston and connected mandrel have moved the plunger of the
clean-out tool to its lowered position such that the plunger will land on the seat per Figure 1C

or Figure 2C.

[0053] Figure 5A is side view of the mandrel of Figures 1A and 2A. So called J-slots are

visible along the outer diameter of the mandrel. These are part of the sequencing mechanism.

11
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[0054] Figure 5B is a cross-sectional view of the mandrel of Figure SA. The view of the
J-slots is retained in phantom.

[0055] Figure 6A is cross-sectional view of a J-slot collar. The J-slot collar includes a pair
of opposing pins that ride in the J-slots of Figure SA. The J-slot collar is also part of the

sequencing mechanism.
[0056] Figure 6B is a perspective view of the J-slot collar of Figure 6A.

[0057] Figure 7 is a cross-sectional view the back jet housing of Figures 1A and 2A. Back
jetting ports are visible in the body of the housing.

[0058] Figure 8A is a side view of the piston assembly of Figures 1A and 2A.
[0059] Figure 8B is a cross-sectional view of the piston assembly of Figure 8A.
[0060] Figure 8C is a perspective view of the piston assembly of Figure 8A.
[0061] Figure 9A is a side view of the plunger of Figures 1A and 2A.

[0062] Figure 9B is a cross-sectional view of the plunger of Figure 9A.

[0063] Figure 9C is a perspective view of the plunger of Figure 9A.

[0064] Figure 10A is a side view of the stem of Figures 1A, 1B and 1C.

[0065] Figure 10B is cross-sectional view of the stem of Figure 10A.

[0066] Figure 10C is a perspective view of the stem of Figure 10A, taken from the distal

end.

[0067] Figure 11A is a side view of the of the combined stem and seat of Figures 1A, 1B
and 1C.

[0068] Figure 11B is a cross-sectional view of the combined stem and seat of Figure 11A.

12
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[0069] Figure 12A is a cross-sectional view of a clean-out tool of the present invention, in
a third embodiment. In this view, the clean-out tool (or “flow diverter”) is again in its run-in
position wherein a significant portion of injected clean-out fluid flows to back jetting ports,
while a remaining portion flows through the end of the tool. In this embodiment, no stem is

provided with the seat.

[0070] Figure 12A-P1 is an enlarged cross-sectional view of portion P1 of Figure 12A.

The relationship between the plunger and seat is more clearly seen.

[0071] Figure 12B is a cross-sectional view of the clean-out tool of Figure 12A. Here, the
clean-out tool has been cycled to an intermediate position. In this position, a significant portion
of the injected fluid continues to flow to the back jetting ports while the remainder of the fluid

flows through the end of the tool.

[0072] Figure 12B-P2 is an enlarged cross-sectional view of portion P2 of Figure 12B.

Here, it can be seen that the plunger has approached the seat.

[0073] Figure 12C is a third cross-sectional view of the clean-out tool of Figure 12A. Here,
the tool has been cycled to its lowered position. In this position, radial slots along the plunger
have passed through the seat, causing virtually all clean-out fluid to flow through the seat and

through the bottom of the clean-out tool.

[0074] Figure 12C-P3 is an enlarged cross-sectional view of portion P3 of Figure 12B.

Here, it can be seen that the plunger has passed across the seat.

[0075] Figure 12-P4 is another enlarged cross-sectional view of portion P1 of Figure 12A.
The radial slots once again are positioned above the seat. However, in this arrangement a lower

portion of the plunger has a restricted flow-through channel.

[0076] Figure 12-P5 is still another enlarged cross-sectional view of portion P1 of Figure
12A. The radial slots once again are positioned above the seat. However, in this arrangement

a lower portion of the plunger has a closed off bottom.

13
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[0077] Figure 13 is a cross-sectional view of a wellbore. Here, the wellbore has received

the clean-out tool of Figure 1A.

[0078] Figure 14 is a flow chart showing operational steps for controlling a flow of fluid

through the clean-out tool, in one arrangement.

DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS
Definitions

[0079] For purposes of the present application, it will be understood that the term
“hydrocarbon” refers to an organic compound that includes primarily, if not exclusively, the
elements hydrogen and carbon. Hydrocarbons may also include other elements, such as, but
not limited to, halogens, metallic elements, nitrogen, carbon dioxide, and/or sulfuric

components such as hydrogen sulfide.

[0080] As used herein, the term “hydrocarbon fluids” refers to a hydrocarbon or mixtures
of hydrocarbons that are gases or liquids. For example, hydrocarbon fluids may include a
hydrocarbon or mixtures of hydrocarbons that are gases or liquids at formation conditions, at

processing conditions, or at ambient condition.

[0081] As used herein, the terms “produced fluids,” “reservoir fluids” and “production
fluids” refer to liquids and/or gases removed from a subsurface formation, including, for
example, an organic-rich rock formation. Produced fluids may include both hydrocarbon
fluids and non-hydrocarbon fluids. Production fluids may include, but are not limited to, oil,
natural gas, pyrolyzed shale oil, synthesis gas, a pyrolysis product of coal, nitrogen, carbon

dioxide, hydrogen sulfide and water.

[0082] As used herein, the term “fluid” refers to gases, liquids, and combinations of gases
and liquids, as well as to combinations of gases and fines, combinations of liquids and fines,

and combinations of gases, liquids, and fines.
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[0083] As used herein, the term “wellbore fluids” means water, hydrocarbon fluids,
formation fluids, or any other fluids that may be within a wellbore during a production

operation.

[0084] As used herein, the term “subsurface” refers to geologic strata occurring below the

earth's surface.

[0085] As used herein, the term “formation” refers to any definable subsurface region
regardless of size. The formation may contain one or more hydrocarbon-containing layers,
one or more non-hydrocarbon containing layers, an overburden, and/or an underburden of any
geologic formation. A formation can refer to a single set of related geologic strata of a specific
rock type, or to a set of geologic strata of different rock types that contribute to or are
encountered in, for example, without limitation, (i) the creation, generation and/or entrapment
of hydrocarbons or minerals, and (i1) the execution of processes used to extract hydrocarbons

or minerals from the subsurface region.

[0086] As used herein, the term “wellbore” refers to a hole in the subsurface made by
drilling or insertion of a conduit into the subsurface. The term “well,” when referring to an

opening in the formation, may be used interchangeably with the term “wellbore.”

Description of Selected Specific Embodiments

[0087] Figure 1A is a cross-sectional view of a clean-out tool (or “flow diverter”) 100 of
the present invention, in one embodiment. The clean-out tool 100 is used to inject fluids into
a wellbore for clean-out. An illustrative wellbore is shown at 1300 in Figure 13 and is

discussed below.

[0088] The clean-out tool 100 defines a generally tubular body formed from a series of
components. As shown, the clean-out tool 100 has a first (or upstream) end 102 and a second
(or downstream) end 104. A central bore 105 is formed within the body extending from the

first end 102 to the second end 104.
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[0089] As will be discussed, the clean-out tool 100 is configured to cycle a position of a
mandrel 155 and connected plunger 160 in response to fluid pumping rates into the wellbore
1200 by an operator. In this way, a flow of clean-out fluid through the tool 100 may be
adjusted. In the view of Figure 1A, the clean-out tool 100 is in its run-in position wherein a
portion of the injected fluid flows through the tool 100 from the top (or upstream) end 102 to
the bottom (or downstream) end 104 en route to a next downhole tool or to the bottom of the
wellbore 1300, as the case may be. At the same time, at least some of the injected fluid will
exit a back jet housing 140 and exit the clean-out tool 100 through radial back jetting ports
148.

[0090] The clean-out tool 100 first includes a top sub 110. The top sub 110 defines a
tubular body wherein a first (or upstream) end 112 comprises female threads while a second
(or downstream) end 114 comprises male threads. The female threads are configured to
threadedly connect to a bottom hole assembly (or “BHA”) above (not shown). The upper
BHA, in turn, is connected to a string of coiled tubing or other working string, such as through

a CT connector (not shown).

[0091] The clean-out tool 100 next includes a spring housing 120. The spring housing 120
also defines a generally tubular body wherein a first (or upstream) end 122 comprises female
threads while a second opposite end 124 comprises male threads. The first end 122 of the
spring housing 120 threadedly connects to the second (or downstream) end 114 of the top sub
110.

[0092] The clean-out tool 100 also includes a spring 125. The spring 125 resides along an
inner diameter of the spring housing 120. The spring 125 is held in compression within the
tool 100. In one aspect, the spring 125 is an Inconel® spring. Alternatively, the spring material
is 17-7 stainless steel. Of interest, a shoulder 126 resides along an inner diameter of the spring

housing 120. The shoulder 126 serves as a face against which the spring 125 resides.

[0093] Moving down the tool 100, the clean-out tool 100 next includes a mandrel seal sub
130. The mandrel seal sub 130 also defines a generally tubular body wherein a first (or

upstream) end 132 comprises female threads while a second opposite (or downstream) end 134
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comprises male threads. The upstream end 132 threadedly connects to the second (or
downstream) end 124 of the spring housing 120. Of interest, the mandrel seal sub 130

encompasses a portion of a sequencing mechanism 400, discussed below.

[0094] The clean-out tool 100 also comprises a back jet housing 140. The back jet housing
140 also defines a generally tubular body wherein a first (or upstream) end 142 comprises
female threads while a second (or downstream) opposite end 144 also comprises female
threads. The back jet housing 140 resides downstream from the top sub 110 and the spring
housing 120. The first end 142 of the back jet housing 140 threadedly connects to the second
end 134 of the mandrel seal sub 130.

[0095] Of importance, the back jet housing 140 comprises one or more back jetting ports
148. The back jetting ports 148 are placed within the back jet housing 140 at an upward angle.
Preferably, the angle is between 10° and 60°, and more preferably at about 45° from the central
longitudinal axis. The back jetting ports 148 may be also be disposed radially about the back
jet housing 140, such as at 15° radially. Preferably, a plurality of back jetting ports 148 are
placed radially around the back jet housing 140 along at least two levels, and optionally at

different angles.

[0096] The top sub 110, the spring housing 120, the mandrel seal sub 130, the back jet
housing 140 and the lower sub 190 together make up a tubular housing for the clean-out tool
100. Of interest, a shoulder 146 resides along an inner diameter of the back jet housing 140.
The shoulder 146 forms a profile above the back jetting ports 148. A separate shoulder 136
resides at the bottom end 134 of the mandrel seal sub 130. O-rings are placed inside the bottom
end 134, helping to keep clean-out fluid from flowing from the annular area between the

mandrel 155 and the spring housing 120 and to the ports 148 during the flow-through mode.

[0097] The clean-out tool 100 additionally includes a piston assembly 150. The piston
assembly 150 defines a series of components that are configured to slide together along the
spring housing 120 in response to fluid pressure. The piston assembly 150 includes an orifice

retainer 151, a piston body 156, a piston orifice 153 and a piston scraper retainer 157. The
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piston assembly 150 essentially serves as a pressure shoulder, moving down the spring housing

120 in response to fluid pressure applied from the surface.

[0098] It is observed here that while it is pressure that moves the piston assembly 150
down, it is also accurate to refer to changes in flow rate that actuate the piston assembly 150.
This is because the piston orifice 153 is configured according to a desired flow rate to cause
the tool 100 to change between modes. In this respect, the orifice 153 is sized to generate the
required differential pressure across itself to function. External pressures do not have an
impact on the piston assembly 150; only pressure from the flow rate through the orifice 153

changes the tool mode.

[0099] The orifice retainer 151 secures the piston assembly 150 in place below the top sub
110. The orifice retainer 151 abuts the lower end 114 of the top sub 110 to hold the piston
assembly 150 in place. Various o-rings (not numbered) may be disposed around the piston
body 156 and the piston orifice 153 to prevent pressure communication between the areas
above and below the piston assembly 150. Additional details concerning the piston assembly

150 are provided below in connection with Figures 8A through 8C.

[00100]  As stated above, the piston assembly 150 is operatively connected to a mandrel 155.
The mandrel 155 has an upper (or upstream) end 152 connected to the piston assembly 150,
and a lower (or downstream) end 154. The upper end 152 of the mandrel 155 is threadedly
connected to the piston body 156. The piston assembly 150 and connected mandrel 155 reside

within the inner diameter of the spring housing 120.

[00101]  In operation, hydraulic pressure (generated by fluid flow through the piston orifice
153) acts on the shoulder that is the upper side of the piston assembly 150 above the piston
orifice 153. In response, the piston assembly 150 and connected mandrel 155 move down the
tubular housing together. Specifically, the piston assembly 150 (and connected mandrel 155)
moves from its raised position (shown in Figure 1A), to an intermediate position (shown in

Figure 1B) and then to a lowered position (shown in Figure 1C).
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[00102]  An annular area 145 is reserved between the mandrel 155 and the surrounding back
jet housing 140. The annular area 145 has an upper portion where the spring 125 resides, and
a lower portion where back jetting ports 148 are placed. Appropriate o-rings reside around
and inside the downstream end 134 of the mandrel seal sub 130 to provide a fluid seal between
the upper and lower annular regions 145. The annular region the spring 125 resides in is
pressure balanced via ports 129 in the mandrel 155. These ports 129 let the fluid volume inside
the spring housing 120 change as the piston body 156 moves up and down.

[00103] It is observed that the back jet housing 140 has an enlarged inner diameter portion
147. This has the effect of increasing the cross-sectional area of the lower portion of the
annular region 145. The larger cross-sectional area of the enlarged inner diameter portion 147
enables a free flow of clean-out fluid en route to the ports 148. Clean-out fluid is used to clean
the wellbore within the casing, preferably at the conclusion of or in conjunction with a
completion operation. Alternatively, clean-out fluid may be used to clean production tubing

following a period of production or other wellbore operation.

[00104] At the lower end 154 of the mandrel 155 is a plunger 160. The plunger 160 defines
a short tubular body having an upper (or upstream) end 162 and an opposing lower (or
downstream) end 164. A bore 165 is formed from the upper 162 to the lower 164 end, allowing
the clean-out fluid to flow through the plunger 160. The upper end 162 comprises male threads
that connect to the lower end 154 of the mandrel 155. In this way, the plunger 160 moves up
and down along the bore 105 of the clean-out tool 100 with the mandrel 155.

[00105] As a next component, the clean-out tool 100 includes a lower sub 190. The lower
sub 190 defines an elongated tubular body having an upper end 192 and a lower end 194. The
upper end 192 comprises male threads that connect to the bottom end of the back jet housing
140. The lower sub 190 forms a bore 195 that is in fluid communication with and forms a part

of the bore 105.

[00106]  Finally, the clean-out tool 100 comprises a seat 170. The seat 170 shown in Figure
1A is a standard seat having a flow-through orifice 175 (shown in Figure 11B). The seat 170
is configured to receive the lower end 164 of the plunger 160 when the piston body 150 is
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moved to a lowered position (seen in Figure 1C). Specifically, the lower end 164 of the
plunger 160 lands on a high-density, elastomeric annular seal 171 residing within the seat 170.

The orifice 175 is sized to provide little to no restriction in downhole fluid flow.

[00107] In a preferred embodiment, the orifice 175 of the seat 170 receives a stem 180. The
stem 180 defines an elongated tubular body. The stem 180 has a proximal (or upper) end 182
(shown in Figures 10A and 10B) and a distal (or downstream) end 184. A bore 185 extends
from the proximal end 182 to the distal end 184. Flow-through slots 181 are provided along
the stem 180. Preferably, four equi-radially disposed slots 181 are provided. Additional details
concerning the stem 180 are provided and discussed below in connection with Figures 10A-

10C.

[00108] In the view of Figure 1A, the piston body 150 is at is uppermost position. This is
its default (or raised) position wherein the orifice retainer 151 is abutting the lower end 114 of
the top sub 110. The piston body 150 is held in this default position due to the upward
mechanical force provided by the spring 125.

[00109] As noted, a piston o-ring may be disposed around the piston body 156 to prevent
pressure communication between the area above the piston body 156 and below the piston
body 156 when fluid is passing through the orifice 153. Additionally, an orifice o-ring may be
disposed around the orifice 153 to prevent pressure communication between the area above the
orifice 153 and below the orifice 153 when fluid is passing through the orifice 153. The
aperture size of the orifice 153 defines the activation rate. Thus, one aspect of using the multi-
cycle wellbore clean-out tool 100 involves the selection of the aperture size of the piston orifice

153.

[00110] In the raised position of Figure 1A, fluid is injected by an operator into the bore
105 of the clean-out tool 100 under a first pressure. The first pressure correlates to a first flow
rate. Those of ordinary skill in the art will understand that there is a correlation between flow
rate, tubular dimension and pressure. At the first flow rate, the hydraulic pressure acting on
the piston assembly 150 is not great enough to cause the piston assembly 150 to compress the

spring 125.
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[00111]  In the position of Figure 1A, the plunger 160 extends only partially over the stem
180. Specifically, the plunger 160 remains above the four radially-disposed slots 181. As
clean-out fluid is injected into the wellbore 1200 at the first flow rate, fluid will pass through
the bore 165 of the plunger 160. A portion of the injected fluid will travel through the slots
181, back up the annular region 145 and up to the back jetting ports 148. The remaining portion
of the fluid will flow through the stem 180, below the seat 170 and optionally on to other tools

downhole.

[00112] In one optional embodiment of the invention, a back pressure valve (not shown) is
placed below the lower sub 190. The back pressure valve can either be threaded to the distal
end 194 of the lower sub 190 or it can be used as the lower sub 190 itself. The back pressure
valve works on the principle of biasing force of a spring which blocks the flow of fluids through
a passage. The pressure of the fluids above act on an area and against the spring. The user can
adjust the force of the spring, which in turn will adjust the force it takes to open an area of flow

to the tools below the sub 190.

[00113]  In the present application, a back pressure valve can be configured to divert all of
the flow to the back jetting ports 148 up to a pre-determined pressure, set by the operator. For
example, if the planned back jetting rate corresponds to a 200 psi pressure drop across the back
jetting ports 148, the back pressure valve can be set to open at 300 psi. When the tool 100 is
in its back-jetting mode, all of the flow will go to the ports 148. When the plunger 160 contacts
the seat 170 for flow-through mode, the back pressure valve will be forced open at 300 psi and
will provide a pressure indication. This is useful when the operator wants to pump a fluid that
it does not want to go through the tools below when in back-jetting mode, such as an acid or

nitrogen.

[00114] In an alternate embodiment, and as discussed below in connection with Figures
12A through 12C, a stem is not used in the seat; instead, a plunger 1260 with radial slots 1281
is used within clean-out tool 1200. In this embodiment, the radial slots 1281 are disposed
above the seat 1270 when the clean-out tool 1200 is in its initial or intermediate position, and

then moves below the seat 1270 when the clean-out tool 1200 is in its lowered position. No
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through-bore is provided below the radial slots 1281. In this way, clean-out fluid
communicates exclusively with either the back jetting housing 140 or to the tools below the

seat 1270 separately.

[00115] In another embodiment, a positive displacement motor is used below the lower sub
190, wherein the motor has a high off-bottom pressure. In this instance, virtually all of the

injected fluid in the plunger’s raised position will be diverted to the back jetting ports 148.

[00116] For the embodiment of Figure 1A, it is understood that the percentage of fluids
flowing back through the ports 148 during the back-jetting mode is a function of various
factors. These include the diameter of the ports 148, the number of the ports 148, the combined
cross-sectional area of the flow through slots 181, and the cross-sectional area of the annular
region 145. In addition, the total volume of fluid pumped through the clean-out tool 100 is a
function of the inner diameter of the piston orifice 153 and the diameter of the bore 105.
Therefore, as part of a method of cleaning out a wellbore herein, the operator determines the
number of ports to be used, the size of the ports, the inner diameter of the piston orifice 153,
the area of the slots 181, the diameter of the bore 155 and the size of the annular region 145
around the bore 155. These steps are indicated at Box 1460 of the flow chart of Figure 14,

discussed below.

[00117]  Once the wellbore clean-out tool 100 is run into the wellbore 1300, the operator
will begin pumping. During pumping, the operator will increase the pump rate. This will
apply a greater hydraulic force to the shoulder of the piston assembly 150 and will start to
overcome the biasing force of the spring 125 (plus any friction created by o-rings). The piston
assembly 150, the mandrel 155 and its connected plunger 160 will then start to move down the

bore 105.

[00118]  Figure 1B is a cross-sectional view of the clean-out tool 100 of Figure 1A. Here,
the clean-out tool 100 is translating (that is, sliding down the spring housing 120) to its
intermediate position. This is done by increasing the hydraulic force acting on the piston
assembly 150. The increased hydraulic force is achieved by increasing pump rate of the

hydraulic fluid into the wellbore from the surface. In response to the increased pressure (or
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increasing pump rate), the piston body 150 and connected plunger 160 have slid down to a
position where the lower end 164 of the plunger 160 approaches the radial slots 181 in the stem
180. However, it is important to note that in this intermediate position the radial slots 181
remain exposed to the lower annular region 147 and the tool 100 continues to operate in its

back-jetting mode.

[00119]  Figure 1C is a third cross-sectional view of the clean-out tool of Figure 1A. Here,
the clean-out tool 100 has been cycled to its lowered position. This is done by further
increasing the pump rate above an activation rate, thereby increasing the hydraulic force acting
on the shoulder that is the piston assembly 150. As the plunger 160 moves below the radial
slots 181, substantially all of the clean-out fluid will flow down through the seat 170, into the
bore 195 of the lower sub 190, and out of the tool 100.

[00120]  The cycling of the tool 100 between its raised position (Figure 1A), its intermediate
position (Figure 1B) and its lowered position (Figure 1C) is preferably accomplished by using
a sequencing mechanism. The sequencing mechanism is preferably a J-slot mechanism as
shown in Figures 4A-4D, discussed below. The sequencing mechanism 400 allows the

operator to cycle the flow rates to move the tool 100 between settings so that:

(1) in a first setting, the plunger 160 is in a raised position in response to the
biasing mechanical force exerted by the spring 125 on the mandrel 155, placing the

clean-out tool in a back-jetting mode;

(i1) 1in a second setting, pumping rate is increased and the J-slot mechanism
400 advances to a next slot, allowing the plunger 160 to move down no more than to
its intermediate position and allowing the operator to inject hydraulic fluid into the
bore 105 of the tubular housing 110 and through the piston orifice 153 at a second
rate, or at any rate higher than the second rate, and keeping the clean-out tool in its

back-jetting mode;

(ii1) in the first setting again, hydraulic pumping rate is reduced to its first
rate, or any rate below the first rate, and the clean-out tool 100 remains in its back-

jetting mode; and
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(iv) in a third setting, the plunger 160 is forced down into a lowered position
in response to the injection of hydraulic fluid through the piston assembly 150 and
into the clean-out tool 100 at a second rate, or at any rate higher than the second rate,
moving the J-slot mechanism 400 to a next slot and causing the plunger 160 to slide
from the raised position to the lowered position, placing the clean-out tool 100 in its

flow-through mode.

[00121] It is observed in Figure 1C that the piston body 150 has lowered the plunger 160
down to a position where the plunger 160 has landed onto the seat 170. In this position, all of
the injected fluids travel through the lower end 184 of the stem 180 and to the bottom end 104
of the clean-out tool 100, with essentially no fluids being diverted to the back jetting ports 148.

[00122] In the diverter tool 100 of Figures 1A — 1C, the stem 180 is a standard-sized stem
that simply receives the plunger 160 when the piston body 150 is urged down to its lowered
position. The O.D. of the stem 180 is configured to slidably receive the lower end 164 of the
plunger 160 until the plunger 160 passes below the slots 181 in the stem 180. This may be
referred to as “landing the plunger on the seat” as the plunger 160 is contacting a seal which is
considered as integral to the seat 170. No significant pressure drop takes place through the
standard stem 180. However, the operator may believe that the standard stem 180 allows too
much fluid to pass through the bottom end 104 of the clean-out tool 100, limiting the amount
of pressure provided by fluids passing through the back jetting ports 148. In this instance, the
operator may choose to use a restricted orifice seat. This is done by reducing the L. D. of the

stem 180.

[00123]  Figure 2A is a cross-sectional view of a clean-out tool 200 of the present invention,
in a second embodiment. In this view, the clean-out tool 200 is again in its run-in position
wherein a substantial portion of injected fluid flows to the back jetting ports 148, while the
remaining fluid flows through the lower sub 190 of the tool 200 en route to a next downhole
tool. The clean-out tool 200 is built in accordance with the clean-out tool 100 described above.

However, in this design a restricted orifice stem 280 has been placed below the plunger 160 in
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lieu of the stem 180. The restricted orifice stem 280 has a more restrictive through opening

285, limiting the amount of working fluid that can pass through the stem 280.

[00124] Beneficially, the stem 280 provides a better indicator at the surface as to the position
of the plunger 160 (via pump pressure) during cycling. Also as noted, the use of the restricted-
orifice stem 280 and its flow-through opening 285 directs a greater percentage of injected fluid
to the back jetting ports 148. For example, in the embodiment of Figure 2A the percentage of
redirected fluid might be 30% to 40%, or 40% to 50%, or 50% to 90% of the injected fluid.

This is true even where the components below the tool 100 have low back pressure.

[00125]  As with the clean-out tool 100 of Figure 1A, the clean-out tool 200 of Figure 2A
is configured to move from its raised position (Figure 2A) down to its lowered position
(Figure 2C). This again is done through the use of a cycling mechanism, such as the J-slot

mechanism 400 shown in Figures 4A through 4D.

[00126] Figure 2B is a cross-sectional view of the clean-out tool 200 of Figure 2A. Here,
the clean-out tool 200 is translating from its raised position to its intermediate position. En
route, a portion of the injected fluid will continue to be diverted through the radial slots 181
and on to the back jetting ports 148. As with the embodiment of Figure 1B, a portion of the
hydraulic fluid will flow back up the lower annular region 147, and then through the back
jetting ports 148. The remaining portion of injected fluid will continue to flow down through
the stem 280, into the bore 195 of the lower sub 190, and out of the tool 200. Because the
orifice 285 is restricted, this will urge a greater portion of injected clean-out fluid to travel back

to the back jetting ports 148.

[00127]  Figure 2C is a third cross-sectional view of the flow diverter 200 of Figure 2A.
Here, the flow diverter 200 has been cycled to its fully lowered position. In this position, all
of the injected fluid travels through the flow diverter 200, with substantially no clean-out fluid
being diverted to the back jetting ports 148. This may be done by increasing hydraulic pressure
within the bore 105 of the clean-out tool 200 from the first pressure to the second greater
activation pressure. Hydraulic pressure again is increased by increasing pump rate from the

surface.
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[00128] It is observed that in each of the views of Figures 1A — 1C and 2A — 2C, no tool is
shown below the lower sub 190. However, the bottom end 194 of the sub 190 is configured to
threadedly connect to a separate tool that may be placed in the wellbore 1300 below the clean-
out tool 100 or 200. For example, a positive displacement motor (presented in Figure 3) may
be placed downstream from the clean-out tool 200. In this instance, the restricted-orifice stem
280 replaces the standard-sized stem 180 to provide an improved feedback signal through
pressure increase of approximately 200 psi (with 1.01 SG Fluid) at the same pump-rate to
indicate the flow-through mode. Additionally, the restricted-orifice stem 280 provides a

secondary function of limiting the flow to the motor 300 while in back-jetting mode.

[00129]  Figure 3 is a perspective view of a positive displacement motor 300. This provides
an example of a tool that may be connected to the lower sub 190. Preferably, the positive
displacement motor 300 would be used in connection with the embodiment 200 of Figures 2A
—2C. It is understood that the positive displacement motor 300 is merely illustrative; other

positive pressure tools may be placed downstream of the seat 170.

[00130] It can be seen that the motor 300 includes an elongated tubular body 310. The body
310 defines a fluid in-take end 312 and a fluid outlet end 314. The positive displacement motor
300 operates with a rotor and a stator residing within the tubular body 310. In one aspect, the
positive displacement motor 300 is used as an agitator, sending pressure pulses across the
wellbore downhole while cleaning. In another aspect, a small drill bit (not shown) is connected
to the outlet end 314, and is turned by the rotor of the motor 300. The drill bit may also be

used for clean-out.

[00131] In any instance, the use of the restricted-orifice stem 280 is particularly appropriate
if the “off-bottom” pressure of the positive displacement motor 300 is low. However,
depending upon the characteristics of the positive displacement motor 300, the larger orifice

185 provided in the standard stem 180 may also be acceptable to use.

[00132]  As an alternative to the motor 300 of Figure 3, a separate nozzle may be placed
below the lower sub 190. In this instance, a standard stem 180 would be used. The separate

nozzle is preferably the Helix™ nozzle provided by Coil Solutions Inc. of Calgary, Alberta.
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The nozzle would be used for wellbore clean-out below the tool 100. In an alternative

embodiment, a sliding sleeve shifting tool is placed below the lower sub 190.

[00133] In order to move the clean-out tool 100 or 200 through its position cycles, the
operator may increase pressures incrementally. Based upon piston orifice 153 L.D., stem 180
or 280 I.D. and total back jetting port 148 through-opening area, the operator will know at what
rate to pump for each cycle. For example, the operator will know a second rate to pump that
places the plunger 160 at its lowest, or seated position (Figures 1C and 2C). The difference
in tubular pressure between the two modes at the same pump rate serves as a position indicator

for cycling.

[00134] To enhance the cycling, a sequencing mechanism such as a J-slot mechanism may
be provided. A J-slot mechanism is a cylindrical device having a circuitous channel forming
slots. One or more pins ride along the slots, rotating from slot-to-slot in response to changes

in fluid pressure.

[00135] Figure 4A is a side view of a portion of a J-slot mechanism 400. It can be seen that
a pair of pins 482 reside in respective lower slots 484A. This is a slot position that would
correlate with the default, or raised position of the plunger 160 as presented in Figures 1A and
2A. In this position, the pump rate is below the activation rate. This cycle position will allow
injected fluid to flow to the back jet housing 140 while sending the remaining portion of the
fluid on through the bottom end 194 of the lower sub 190.

[00136] Figure 4B is another side view of the J-slot mechanism 400 of Figure 4A. In this
view, the pins 482 have advanced one slot 484B. In slot 484B, the pins 482 are in an
intermediate position. This is a slot position that would correlate to the operator increasing
pump rate from the surface as shown in Figures 1B and 2B. In this position, the location of
the J-slot pins 482 restricts the movement of the plunger 160 while allowing the flow-rate to
beneficially move above the activation rate. In other words, the plunger 160 will not advance
along the stem 180 even when the pump rate is well above the activation rate, allowing

vigorous back jetting through ports 148.
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[00137]  Figure 4C is another side view of the J-slot mechanism 400 of Figure 4A. In this
view, pumping rate has been dropped back below the activation rate, causing the pins 482 to
follow along the channel and to advanced one slot 484A. In this position 484A, the plunger
160 has returned to its raised position per Figures 1A and 2A.

[00138]  Figure 4D is still another side view of the J-slot mechanism 400 of Figure 4A. In
this view, the pump rate has again been increased above the activation rate, causing the pins
482 to advance along the channel to a next slot 484D . In this position, the plunger 160 is
seated, isolating the back jetting ports 148 from fluid injection per Figures 1C and 2C. In this
position, the operator may inject at high rates to operate a motor 300 or to direct all fluids
through a downhole jetting nozzle (not shown). Once the plunger 160 has landed, increases in

pump rate will not move the pins 482 any higher in slots 484D.

[00139] The pins 482 advance from slot-to-slot in response to alternating cycles of the
piston body 150 and connected internals moving longitudinally. The pins 482 cause the piston
assembly 150 and connected internals to ratchet, or rotate, in a circular path. Also, the
component housing the J-slot pin or pins 482 may ratchet, or rotate, in a circular path. The J-
slot grooves (484A, 484B, 484D) are configured so that the piston body 150 and connected
internals travel is unrestricted in the upward direction so that every time the flow rate is brought
below the activation rate the plunger 160 is in its raised position and cannot seal against the
seat 170 or 270. Additionally, on alternating cycles of the flow rate being brought to or above
the activation rate, the J-slot grooves (484A, 484B, 484D) restrict the travel of the piston body

150 and connected internals so the plunger 160 cannot seal against the seat 170 or 270.

[00140] Beneficially, the annular area 145 communicating to the back jetting ports 148
remains open for clean-out at rates above the activation rate. On opposite alternating cycles of
the flow rate being brought to or above the activation rate, the J-slot grooves (484D) allow the
piston body 150 and connected internals to travel further down so that the plunger 160 passes
across the radial slots 181 of the stem 280 (Figure 2B) and then the plunger 160 contacts the
seat 270 (Figure 2C), enabling full flow-through to any tools (such as motor 300) disposed

below the clean-out tool 200.
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[00141]  Figure SA is side view of the mandrel 155 of Figures 1A and 2A. So called J-slots

410 are visible along the outer diameter of the mandrel 155.

[00142] Figure 5B is a cross-sectional view of the mandrel 155 of Figure SA. In both
Figures SA and 5B, slot 484D of the J-slots 410 is visible. Here, the J-slots 410 are shown in

phantom.

[00143] It is understood that the J-slots 410 of Figures SA and 5B are part of the sequencing

mechanism 400. The J-slots 410 work in tandem with a J-slot collar (shown at 420 in Figure

6A).

[00144] Figure 6A is cross-sectional view of a J-slot collar 420. The J-slot collar 420

includes a pair of opposing pins 482 that ride in the J-slots 410 of Figure SA.

[00145]  Figure 6B is a perspective view of the J-slot collar 420 of Figure 6A. Visible in

this view is one of the pins 482 extending inwardly into a bore 4285.

[00146] Figure 7 is a cross-sectional view of the back jet housing 140 of Figures 1A and
2A. The proximal (or upstream) end 142 and the distal (or downstream) end 144 are visible.
It is observed that the back jet housing 140 defines a wall 141 forming a bore 145. The bore
145 extends from the proximal 142 to the and distal 144 end. The back jetting ports 148 are
visible in the wall 141 making up the housing 140.

[00147]  Figure 8A is a side view of the piston assembly 150 of Figures 1A and 2A.
[00148]  Figure 8B is a cross-sectional view of the piston assembly 150 of Figure 8A.

[00149]  Figure 8C is a perspective view of the piston assembly 150 of Figure 8A. The
piston assembly 150 will be discussed with reference to Figures 8A — 8C together.

[00150] The piston assembly 150 includes an orifice retainer 151, a piston body 156, a
piston orifice 153 and a piston scraper retainer 157. The piston orifice 153 resides below the
orifice retainer 151. The piston orifice 153 comprises a shoulder, with the shoulder being

exposed to fluid pressure above the fluid assembly 150. The piston orifice 153 includes a
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central through-opening that permits working fluids to flow through the piston assembly 150
during clean-out operations. Piston scrapers (not shown) may be disposed around the piston

body 156 to ensure debris is not able to reach the piston body o-ring.
[00151]  Figure 9A is a side view of the plunger 160 of Figures 1A and 2A.
[00152]  Figure 9B is a cross-sectional view of the plunger 160 of Figure 9A.

[00153]  Figure 9C is a perspective view of the plunger of Figure 9A, taken from a distal
end. The plunger 160 will be discussed with reference to Figures 9A — 9C together.

[00154]  As noted above, the plunger 160 has an upper end 162, a lower end 164 and a bore
165 formed there between. The bore 165 has an inner diameter (ID). The ID is dimensioned
to slidingly receive the stem 180 when moving between its back-jetting mode and its flow-

through mode. The plunger 160 is made up of a wall 161 that forms the bore 165.
[00155] Figure 10A is a side view of the stem 180 of Figures 1A, 1B and 1C.
[00156]  Figure 10B is cross-sectional view of the stem 180 of Figure 10A.

[00157]  Figure 10C is a perspective view of the stem 180 of Figure 10A, taken from the
distal end. The stem 180 will be discussed with reference to Figures 10A, 10B and 10C
together.

[00158]  The stem 180 defines an elongated tubular body. The stem 180 has a proximal (or
upper) end 182 and a distal (or downstream) end 184. A bore 185 extends from the proximal
end 182 to the distal end 184. Through-openings (or “slots”) 181 are provided along the stem
180. In the arrangement of Figures 10A-10C, four equi-radially disposed slots 181 are
provided.

[00159] The proximal end 182 of the stem 180 has an outer diameter OD. The OD is
dimensioned to be slidably received within the ID of the plunger 160. When the piston
assembly 150 and connected plunger 160 are in their raised or intermediate position (or back-

jetting mode), the bottom of the plunger 160 resides above the slots 181. In this position,
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jetting fluids are split, with a portion of fluids flowing through the through-openings 181 and
back up to the back jetting ports 148, and a portion flowing on down through the bore 185 of
the stem 180.

[00160]  When the piston assembly 150 and connected plunger 160 are in their lowered (or
flow through) mode, the bottom of the plunger 160 advances past the slots 181. In this position,
most (and preferably all) of the jetting fluids flow down through the bore 185 of the stem 180
and to a tool below. In either the back-jetting mode or the flow-through mode the plunger 160
is disposed over the OD of the stem 180. In other words, the stem 180 is always overlapping
the plunger 160 to at least some extent. In one embodiment, when the piston assembly 150
and connected mandrel 155 are in their upper position, the plunger 160 will overlap with the

stem 180 by about %",

[00161] In the arrangement shown in Figures 1A-1C and 2A-2C, the stem 180, 280 is
received within the plunger 160. However, the alternate telescopic relationship may also be

employed, that is, the plunger 160 is received within the stem 180.

[00162]  Figure 11A is a side view of the combined seat 170 and stem 180 of Figures 1A,
1B and 1C.

[00163] Figure 11B is a cross-sectional view of the combined seat 170 and stem 180 of

Figure 11A.

[00164] It can be seen that a shoulder of the seat 170 rests on the proximal end 192 of the
lower sub 190. In this respect, the distal end 184 of the stem 180 flanges out to serve as a base
for threadedly connecting the stem 180 and seat 170. An annular seal 171 is placed between
an inner diameter of the seat 170 and an outer diameter of the stem 180. The seat 170 and stem

180 are connected to form an integral body, supported by the lower sub 190.

[00165] As noted above, an annular seal 171 is placed along an inner diameter of the seat
170 and an outer diameter of the stem 180. The annular seal 171 represents an enlarged, high

density o-ring that may be fabricated, for example, from synthetic rubber and fluoropolymer
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elastomers. An example is a polymer seal provided by The Chemours Company FC, LLC of
Wilmington, Delaware. Seals and o-rings are available from The Chemours Company under

the Viton® brand.

[00166]  With the tool designs of Figures 1A and 2A, once the tool 100 or 200 shifted modes
and the plunger 160 landed on the seat 170 (more specifically, the annular seal 171) the pump-
rate should be increased by approximately 10% for the plunger 160 to provide sufficient
compression on the Viton® material in order to create a true fluid seal. This all happens within
the pump-rate specified for the orifice size the tool 100 or 200 is configured with; however,
some users may see the pressure increase (indicated flow-thru/milling mode) and assume the
transition was complete, but this is not necessarily the case since there would still be fluid
weeping out of the annular ports 181 at this time. With the third embodiment 1200, once the
mandrel 155 and connected plunger 1260 move down and the radial slots 1281 the plunger
1260 have crossed the ID seals 1275 in the seat 1270, the mode change is complete and will

coincide with the moment the user observes the pressure indication.

[00167] As an alternative to the clean-out tool 100 and its annular seal 171, a third
embodiment of a clean-out tool is presented herein In this embodiment, the annular seal 171
and the stem 180 are removed. This alternative clean-out tool is presented at 1200 in Figures

12A, 12B and 12C.

[00168] Figure 12A is a cross-sectional view of the clean-out tool 1200, in the third
embodiment. In this view, the clean-out tool (or “flow diverter”) 1200 is again in its run-in
position wherein a significant portion of injected clean-out fluid flows to back jetting ports
148, while a remaining portion flows through the end of the tool 1200. Specifically, a portion
of the clean-out fluids flow through the bore 195 of the lower sub 190.

[00169]  The clean-out tool 1200 is built in accordance with the clean-out tool 100 described
above. However, in Figure 12A a new seat design 1270 is provided. Of importance, the stem
180 from Figure 1A has been removed from the seat 1270. In addition, the slots 181 that

previously resided within the stem 180 are now placed within a modified plunger 1260.
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[00170]  The seat 1270 represents an essentially tubular body secured proximate the lower
end 144 of the back jet housing 140. Specifically, the seat 1270 resides along an inner diameter
of the back jet housing 140, and sits on top of the top end 192 of the lower sub 190. O-rings
(not numbered) are suitably placed along the inner and outer diameters of the seat 1270. In
this way, seals are placed along the interfaces with the back jet housing 140 and the lower sub
190. In addition, the through-opening of the seat 1270 is dimensioned to slidably receive the
plunger 160.

[00171] Figure 12A-P1 is a cross-sectional view of portion P1 of Figure 12A. P1
represents an enlarged view of area P1, showing the relationship between a modified plunger
1260 and the modified seat 1270. The modified plunger 1260 has an upper (or upstream) end
1262 and an opposing lower (or downstream) end 1264. A bore 1265 is formed from the upper
1262 to the lower 1264 end, allowing the clean-out fluid to flow through the plunger 1260.
The upper end 1262 comprises male threads that connect to the lower end 154 of the mandrel
155. In this way, the modified plunger 1260 still moves up and down along the bore 105 of
the clean-out tool 1200 with the mandrel 155.

[00172] It can be seen that the plunger 1260 has only partially entered the through-opening
of the seat 1270. This is the default, or run-in position of the clean-out tool 1200. Here, the
clean-out tool 1200 is in its back-jetting (or “clean-out”) mode. In the back-jetting mode, the
operator pumps clean-out fluid into the working string and the bore 105 of the tubular housing

below the activation rate.

[00173] In the arrangement of Figure 12A, the radial slots 1281 are positioned above the
seat 1270. This allows a significant portion of the clean-out fluids to flow back up the annular
region 145 around the mandrel 155, and through the jetting ports 148. Beneficially, no stem
180 is required.

[00174] Figure 12B is a second cross-sectional view of the clean-out tool 1200 of Figure
12A. Here, the clean-out tool 1200 is translating from its raised position to an intermediate

position. In this position, a significant portion of the injected fluid continues to flow through
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the radial slots 1281 and on to the back jetting ports 148. The remaining portion of injected
fluid will continue to flow down through the seat 1270 and the end of the tool 1200.

[00175]  Figure 12B-P2 is an enlarged cross-sectional view of portion P2 of Figure 12B.
Here, it can be seen that the plunger 1260 has approached the seat 1270. However, the radial
slots 1281 still reside above the seat 1270.

[00176] Figure 12C is a third cross-sectional view of the clean-out tool 1200 of Figure
12A. Here, the flow diverter tool 1200 has been cycled to its fully lowered position. In this
position, the plunger 1260 has landed on the seat 1270. Specifically, a shoulder 1278 along
the plunger 1260 has landed on an upper end of the seat 1270.

[00177]  Figure 12C-P3 is an enlarged cross-sectional view of portion P3 of Figure 12B.
Here, it can be seen that the plunger 1260 has passed across the seat 1270. The radial slots
1281 have passed the seat 1270, forcing all clean-out fluids to flow through the bottom of the
tool. In this position, virtually no clean-out fluid is diverted to the back jetting ports 148.

[00178]  The benefit to this third embodiment 1200 is that the tool does not rely on the
Viton® seal 171 to close off flow to the back-jetting ports 148. This avoids the potential issue
of the seal 171 degrading over time. Instead, much smaller o-rings 1275 (or, optionally, PTFE
seals energized by o-rings) are provided along the inner and outer diameters of the seat 1270,

providing a more reliable design.

[00179] In one aspect, an inner diameter of the plunger 1260 below the radial slots 1281 can
be tuned to adjust a flow split of clean-out fluid while the clean-out tool 1200 is in its back-
jetting mode. This enables the inner diameter of the plunger 1260 below the radial slots 1281
to be reduced completely to zero in order to direct the entire flow to the back-jetting ports

during back-jetting mode.

[00180]  Figure 12-P4 is another enlarged cross-sectional view of portion P1 of Figure 12A.
The radial slot 1281 once again are positioned above the seat 1270. However, in this

arrangement a lower portion 1264’ of the plunger 1260 has a restricted flow-through channel
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1268. This is similar to what was done with the distal end 184 of the stem 180 shown in
Figures 2A, 2B and 2C.

[00181]  Figure 12-P5 is still another enlarged cross-sectional view of portion P1 of Figure
12A. The radial slots 1281 once again are positioned above the seat 1270. However, in this
arrangement a lower portion 1264 of the plunger 1260 is closed off. In this instance, the lower
portion 1264” is a solid body. The solid body may be fabricated from steel, plastic or an

elastomeric material.

[00182]  Ofinterest, in the embodiment of Figure 12-P5, when the clean-out tool 1200 is in
its the second setting, the operator may vigorously inject a working fluid into the tubular
housing 110 to clean out the wellbore without losing a portion of the working fluid through the

seat 1270.

[00183] In any embodiment, the clean-out tool 100, 200, 1200 (with or without tool 300 or
some bottom hole assembly below) is intended to be run into a wellbore. Figure 13 is a cross-
sectional view of an illustrative wellbore 1300. The wellbore 1300 penetrates into a subsurface
formation 1350. The wellbore 1300 has been completed as a cased-hole completion for
producing hydrocarbon fluids. More importantly for purposes of the present disclosure, the

wellbore 1300 has received a multi-cycle clean-out tool such as the tool 1200 of Figure 12A.

[00184] It can be seen that the wellbore 1300 has been completed with a series of pipe
strings referred to as casing. First, a string of surface casing 1310 has been cemented into the
formation 1350. The cement resides in an annular region 1315 around the casing 1310,
forming an annular sheath 1312. The surface casing 1310 has an upper end in sealed

connection with a bottom wellhead valve 1364.

[00185]  Next, at least one intermediate string of casing 1320 is cemented into the wellbore
1300. The intermediate string of casing 1300 is in sealed fluid communication with a top
wellhead valve 1362. A cement sheath 1322 resides in an annular region 1325 of the wellbore
1300. The combination of the casing 1310 / 1320 and the cement sheaths 1312, 1322 in the
annular regions 1315, 1325 strengthens the wellbore 1300 and facilitates the isolation of
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aquitards and formations behind the casing 1310 / 1320. It is understood that a wellbore 1300

may, and typically will, include more than one string of intermediate casing.

[00186]  Finally, a production string 1330 is provided. The production string 1330 is hung
from the intermediate casing string 1320 using a liner hanger 1331. The production string
1330 is a liner that is not tied back to the surface 1301. In the arrangement of Figure 13, a
cement sheath 1332 is provided around the liner 1330. The cement sheath 1332 fills an annular
region 1335 between the liner 1330 and the surrounding rock matrix in the subsurface

formation 1350.

[00187]  The production liner 1330 has a lower end 1334 that extends to an end 1354 (or
“toe”) of the wellbore 1300. For this reason, the wellbore 1300 is said to be completed as a
cased-hole well. Those of ordinary skill in the art will understand that for production purposes,
the liner 1330 will be perforated after cementing to create fluid communication between a bore
1345 of the liner 1330 and the surrounding rock matrix making up the subsurface formation
1350. In one aspect, the production string 1330 is not a liner but is a casing string that extends
back to the surface. In this instance, the cement sheath 1332 will not be extended to the surface

1301.

[00188]  As an alternative, end 1354 of the wellbore 1300 may include joints of sand screen
(not shown). The use of sand screens with gravel packs allows for greater fluid communication
between the bore 1345 of the liner 1330 and the surrounding rock matrix 1350 while still
providing support for the wellbore 1300. In this instance, the wellbore 1300 would include a
slotted base pipe as part of the sand screen joints. Of course, the sand screen joints would not

be cemented into place.

[00189] It is also noted that the bottom end 1354 of the wellbore 1300 is completed
substantially horizontally. This is a common orientation for wells that are completed in so-
called “tight” or “unconventional” formations. Indeed, in the United States well over half of
all wells are now completed horizontally. In the wellbore 1300 of Figure 13, the horizontal

portion extends along a “pay zone” 13585.
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[00190] Horizontal completions not only dramatically increase exposure of the wellbore to
the producing rock face, but also enable the operator to create fractures that are substantially
transverse to the direction of the wellbore. Those of ordinary skill in the art may understand
that a rock matrix will generally “part” in a direction that is perpendicular to the direction of
least principal stress. For deeper wells, that direction is typically substantially vertical.
However, the present inventions have equal utility in vertically completed wells or in multi-

lateral deviated wells.

[00191]  When completed, the wellbore 1300 will include a string of production tubing (not
shown). However, before that is done, it is desirable to clean out the wellbore 1300.
Accordingly, the wellbore 1300 includes the clean-out tool 1200 as shown in Figures 12A-
12C.

[00192]  Itis noted that the clean-out tool 1200 is connected to a string of coiled tubing 1340.
The coiled tubing string 1340 serves as a working string for delivering an aqueous fluid under
high pressures downhole. Such pressures may exceed 500 psi, or even 3,000 psi. The clean-
out tool 1200 is preferably extended along the horizontal leg of the wellbore 1300 through the
pay zone 1355.

[00193] A lubricator 1360 or frac tree is placed over the wellbore 1300. The lubricator 1360
is positioned at the surface 1301 to control wellbore pressures during a completion (or other
wellbore) operation and to isolate tools such as a string of coiled tubing 1340 being moved into
and back out of the wellbore 1300. A surfactant may be added to the clean-out fluid to assure
that the fluid moves through the clean-out tool 1200 and up the wellbore 1300. Preferably, the
fluid 1s filtered to minimize plugging of back jetting ports 148.

[00194] In one aspect, the coiled tubing string 1340 is dimensioned to be inserted into a
string of production tubing (not shown). In this way, the production tubing may be cleaned

out after a period of production.
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[00195]  Using any of the flow diverters 100, 200 or 1200 described above, a method 1400
of conducting a wellbore operation is also provided. The method 1400 is presented in the flow

chart of Figure 14.

[00196] The method 1400 first includes providing a wellbore. This is indicated at Box 1410.
The wellbore is being completed for the production of hydrocarbon fluids. Of interest, the
wellbore has been formed with a string of casing, including a string of production casing along

a selected subsurface formation.

[00197] The wellbore may be completed vertically. Alternatively, the wellbore may be a
deviated well formed from a lateral drilling operation. More preferably, the wellbore is
completed horizontally as shown in Figure 13. However, the methods are not limited to the

orientation of the wellbore unless expressly stated in the claims.

[00198] It is understood that for purposes of Box 1410, the term “providing” includes but is
not limited to “forming” or “completing.” The term “providing” may also mean that a service
company accesses a wellbore that has already been drilled and completed, or accesses a

wellbore that has been undergoing production operations for a period of time.

[00199] The method 1400 also includes running a clean-out tool into the wellbore. This is
provided in Box 1420. The clean-out tool is run into the wellbore at the lower end of a string
of coiled tubing 1340. The clean-out tool may be constructed in accordance with any of the
embodiments 100, 200, 1200 described above. Particularly, the clean-out tool is a multi-cycle
tool having a tubular housing that includes an elongated bore. Fluids are pumped from the

surface, down the string of coiled tubing, and into the bore.

[00200] The clean-out tool includes one or more back jetting ports. At least some of the
ports are disposed at an upward angle. In this way, injected clean-out fluids flow through the
ports and exit the clean-out tool at an upward angle to sweep any particles or debris in the

casing toward the surface (or at least upstream).
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[00201]  The method 1400 additionally includes locating the clean-out tool. This is seen at
Box 1430. The clean-out tool is located at a selected depth along a tubular body within the
wellbore. Subsurface formation 1355 of Figure 13 is an example of a location or depth for the
clean-out tool. The term “depth” may include “total depth” a selected distance along a

horizontal wellbore.

[00202] The method 1400 further includes pumping a clean-out fluid down the coiled
tubing string. This is provided at Box 1440. The fluid is a hydraulic fluid that is pumped
into the wellbore under pressure. The fluid is pumped down the coiled tubing and into the
bore of the tubular housing making up the clean-out tool at a first flow rate. The first flow
rate is below an activation rate. The pumping at the first flow rate causes at least a portion
of clean-out fluid to flow through the mandrel, through radial slots, back up the lower annular

region and through the back jetting ports. This step of Box 1440 is illustrated in Figure 12A.

[00203] It is again noted that in the arrangement of Figure 12-P4, the lower end 1264’ of
the plunger 1260 is significantly restricted. In this instance, a majority of the clean-out fluid
flows back through the back jetting ports when the clean-out tool is in its back-jetting mode.
In the arrangement of Figure 12-P5, the lower end 1264” of the plunger 1260 is completely
closed off. In this instance, all clean-out fluid flows back through the back jetting ports when

the clean-out tool is in its back-jetting mode

[00204] The method 1400 also includes further pumping the clean-out fluid down the
coiled tubing and into the bore of the tubular housing at a second flow rate. This is shown at
Box 1450. The second flow rate is higher than the first flow rate. In this instance, the higher
flow rate increases a hydraulic force acting on a pressure shoulder of a piston, causing a
mandrel and connected plunger to slide along a tubular housing such that the plunger passes
along a through-opening in the seat. The radial slots in the plunger move below the seat.
The result is that all of the injected clean-out fluid now flows through a distal end of the tool.

This step of Box 1450 is illustrated in Figure 12C.
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[00205] To effectuate the method 1400, it is preferred that a sequencing mechanism be
placed along the tubular housing. The sequencing mechanism may be a J-slot mechanism.

The J-slot mechanism may be configured to cycle between three settings. Those include:

(1) a first setting wherein a pin associated with the J-slot mechanism resides
in a first slot that places the plunger in a raised position in response to a biasing
mechanical force exerted by a spring on the mandrel while pumping at a first rate,
placing the clean-out tool in a back-jetting mode (shown in Figures 1A, 2A and

12A);

(i) a second setting wherein the pin moves higher in the first slot in response
to the injection of fluids into the wellbore at a second increased rate, placing the
plunger into an intermediate position while allowing the tool to remain in its back-

jetting mode (shown in Figures 1B, 2B and 12B);

(1i1) the first setting again wherein the pin resides in a second slot that keeps
the plunger in the raised position in response to the upward biasing force of the spring;

and

(iv) a third setting wherein the pin moves higher along a third slot in response
to the injection of fluids into the wellbore at a second increased rate, and wherein the
plunger slides from the raised position to the lowered position, placing the clean-out

tool in its flow-through mode (shown in Figures 1C, 2C and 12C).

[00206] It is observed that the second increased rate is an activation rate. The pump rate

in both the second setting and the third setting may be higher than the activation rate.

[00207]  Additional steps may be taken in connection with the method 1400. These relate
to tuning the various openings along the tool in order to provide a desired total cross-sectional

area of fluid flow. Such steps are presented in Box 1460.

[00208] For example, Box 1460 may include a step of adjusting an aperture size of an
orifice associated with the piston. This has the effect of varying flow rates associated with

the raised and lowered positions. In order for the clean-out tool to change modes, the piston
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orifice needs to be sized small enough to ensure the required activation rate will be achievable
during the operation. Although the clean-out tool will change modes correctly, sizing the
piston orifice too small for a planned pump-rate will cause excessive and unnecessary
pressure drop that may limit the total flow capacity of the operation in back-jetting mode.
Optimally, the piston orifice is sized appropriately to ensure the activation rate will be

achievable in both modes throughout the operation with minimal back-pressure.

[00209]  Additionally, in connection with the first two embodiments herein the step of Box
1460 may also include adjusting a through-opening size of an orifice associated with the seat.
Preferably, the orifice is part of a stem placed within the seat. In connection with the third
embodiment herein, the step of Box 1460 may include adjusting a through-opening size at
the bottom of the plunger. In both instances, a larger through-opening enables more working
fluid to flow through the bore of the clean-out tool and less fluid to back flow to the back
jetting ports during back-jetting mode. Reciprocally, a smaller through-opening allows less
fluid to flow through the bore of the clean-out tool and more fluid to back flow to the back

jetting ports during back-jetting (or “clean-out”) mode.

[00210]  Additionally, Box 1460 may also include a step of adjusting a size of the back
jetting ports. When used with a clean-out tool below the seat, such as a Helix™ nozzle, the
back jetting ports should be sized large enough to provide a significantly reduced pressure
drop to enable increasing the annular velocity and desirable rate split between the back-jet
housing and the Helix while in back-jetting mode. At the same time, the ports should be

small enough to provide ample flow restriction for effective jetting.

[00211]  Additionally, in connection with the first two embodiments herein the Box 1460
may include the step of selecting a cross-sectional area for the flow through the radial slots
in the stem. The process of selecting total cross-sectional areas through which clean-out

fluids may flow is shown in Box 1460.

[00212] It is observed that while Box 1460 is shown at the end of the flow chart for the
method 1400 of Figure 14, it is understood that these steps may and likely will be taken during

tool design and before the tool is run into the wellbore in Box 1420.
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[00213]  As can be seen, unique multi-cycle wellbore clean-out tools have been provided.
The clean-out tools act as a flow diverter that increases the efficiency of fill removal operations.
Fluid flow can also be sent through the tool to an optional bottom hole assembly below while
having fluid communication with a back-jetting housing. The cycling of fluid flow modes is
possible an unlimited number of times and does not require dropping a ball or reversing

circulation.

[00214]  The modes of the clean-out tool may be manipulated through a combination of flow
rate and sequence. Feedback is received at the surface through pump pressure indication. In
a first setting, flow rate to the clean-out tool is below an activation rate. This allows the fluid
flow to be in communication with the back jet housing as well as a nozzle or any bottom hole
assembly or other tool that may be placed below the clean-out tool. In other words, the flow
is split between the back jetting ports and a downstream nozzle. This is shown in Figures 1A,

2A and 12A as well as Figure 4A.

[00215]  An activation rate is selected for moving the clean-out tool from its first setting to
a second setting. In the second setting, the mandrel and connected plunger begin to slide down
the tubular housing towards the seat. The activation rate is based on orifice cross-sectional

area selection and may be pre-determined for a specific application.

[00216] In the second setting, the plunger will not pass through the seat; instead, downward
movement will be restricted by the sequencing mechanism. The use of a sequencing
mechanism for cycling allows the operator to pump at a high flow rate (that is, above the
activation rate) during back-jetting mode, increasing annular velocity for fill removal in the
second setting. Additionally, orientation and selected cross-sectional area of the ports in the
back-jetting housing aids in sweeping solids from the casing. This is shown in Figures 1B,

2B and 12B as well as Figure 4B.

[00217]  To advance the sequencing mechanism, the operator will reduce the pump rate back

down to or below the first rate. The clean-out tool defaults back to its back-jetting mode.
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[00218] In athird setting, flow rate is moved back up to, and above, the activation rate. This
will advance the sequencing mechanism and allow the plunger to fully land on the seat. This
is shown in Figures 1C and 2C as well as Figure 4C. Alternatively, this will allow the radial
slots in the plunger to pass across the seat as shown in Figure 12C. In this position the clean-
out tool is in its flow-through mode. The tool will direct the entire flow through to the nozzle
or BHA below. Confirmation of this mode is given through an increase of pump pressure due
to the entire flow now exiting through the bottom of the clean-out tool as opposed to a split

between the back-jetting ports and the bottom of the clean-out tool.

[00219] In the scenario of a plunger 1260 where no through-bore is provided below the
radial slots 1281, the clean-out tool 1200 will need to be configured to provide a difference in
pressures between a majority of the flow rate being directed to the back-jetting ports versus
through to the bottom-hole assembly below. In this way, a surface indication of the clean-out

tool’s mode may be detected.

[00220] To return to the back-jetting mode, the flow rate may be reduced to a minimum
pump-rate until pump pressure has stabilized. The tool will remain in back-jetting mode
(Figures 1B, 2B and 12B) following a subsequent increase in flow rates, even above the
activation rate. The tool will continue to remain in this back-jetting mode when the flowrate

is lowered down to the minimum pump-rate (Figures 1A, 2A and 12A).

[00221]  As can be seen, an improved flow diverter tool 100, 200, 1200 for wellbore clean-
out operations has been provided. The tool can be used for almost any coiled tubing application

wherein fluid is circulated downhole.

[00222] In one aspect, the clean-out tool is part of a bottom hole assembly that includes a
downhole tool. The downhole tool is threadedly (or otherwise operatively) connected to the
lower end of the lower sub. An upper end of the lower sub supports or is abutted against or

otherwise resides proximate to the seat.

[00223] In one embodiment, the downhole tool is a positive displacement motor. The

positive displacement motor is configured to rotate a connected mill bit in response to
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hydraulic pressure received when the clean-out tool is in its clean-out mode. In a preferred
application, the downhole tool is a positive displacement motor, such as motor 300 and is used

for a milling operation.

[00224]  Generally, milling operations are used to remove scale, cement or consolidated fill
in a wellbore. Milling operations may also be conducted to remove plugs that have been placed
in the well bore. For milling, the operator may mill a first plug using the fluid flow-through
mode, then switch the tool to back to its back-jetting mode to circulate out cuttings at a higher
rate. The tool can then be cycled back to the fluid flow-through mode and continue to the next
plug for milling again. The tool allows for higher circulation rates without over-running the

motor, achieving higher annular velocities.

[00225]  Alternatively, a nozzle may be placed below the flow diverter tool. The nozzle may
be any type of nozzle such as a so-called wash nozzle, a hydraulic jetting nozzle, a high
pressure rotary nozzle or a pulsating wash tool. The nozzle serves to agitate fill that may have

collected in the wellbore, facilitating clean-out in the wellbore while the tool is translated.

[00226] It is observed that various nozzles alternative to the Helix™ nozzle mentioned
above may be used below the clean-out tool 100, 200, 1200. For example, a nozzle for jet
drilling such as is disclosed in U.S. Patent No. 6,668,948 may be used. Alternatively, any of
the rotary nozzles as disclosed in U.S. Patent Publ. No. 2016/0160619 may be employed.
Alternatively still, the internally rotating nozzle of U.S. Patent No. 9,845,641 may be used.

[00227]  As an alternative to a nozzle, the lower sub may be threadedly connected to a
bottom hole assembly that includes a sliding sleeve shifting tool. The clean-out tool allows
the operator to generate a back jetting flow rate above the activation rate of the sliding sleeve
shifting tool for wellbore cleanout while the bottom hole assembly is in the wellbore. This
may be done without prematurely activating the sliding sleeve shifting tool. The sliding
sleeve shifting tool may be part of a BHA containing an extended reach tool, such as an
NOV® agitator tool. Wellbore clean-out can be conducted to a target depth before activating

the sliding sleeve shifting tool at its activation rate.
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[00228]  Figure 3B presents an example of a suitable sliding sleeve shifting tool 300B.
This illustrative tool 300B is a bi-directional shifting tool that is available from Hunting

Energy Services, LLC of Houston, Texas.

[00229] In one application, the flow diverter tool 100, 200, 1200 is run into a lateral bore
hole. In this instance, a whipstock is placed immediately below the lateral bore hole and the

flow diverter tool is then run into the wellbore and against the concave face of the whipstock.

[00230] The flow diverter tool 100, 200, 1200 may also be used in connection with drilling
operations. Specifically, the tool can be placed along a coiled tubing string wherein a well is
being deepened, or wherein a side tracking operation is being conducted. In operation, the
operator drills out a section of the well with the flow diverter tool in the fluid flow-through
mode using a milling tool or a drill bit. The operator then switches the tool to its back-jetting
mode and circulates out cuttings at a higher pumping rate. The operator then switches back to
the fluid flow-through mode and drills another section of the wellbore. In a drilling operation,
the tool again allows for higher circulation rates without over running the motor, achieving

higher annular clean-out velocities.

[00231]  The flow diverter tool 100, 200, 1200 may further be used with a back pressure
valve during underbalanced situations. In such situations the operator may use a column of
nitrogen to lighten the hydrostatic head. After milling a plug and any fill that is encountered,
the operator switches back to the back-jetting mode. During this mode, the operator can
circulate nitrified fluid down the working string without circulating through the motor. It is
noted that with many motors, nitrogen can shorten the life of the stator. Upon circulating the

string back to fluid again the operator can switch modes and continue the milling operation.

[00232]  Of interest, the flow diverter tool 100, 200, 1200 can also be run with setting tools
or shifting tools. These include sliding sleeves and multi-stage frac sleeves. The flow diverter
tool allows high clean-out circulations rates without activating a completion tool below, e.g.,
circulating above a shifting tool at a rate above the activation rate of the shifting tool -- without

the possibility of activating the shifting mechanism in the tool.
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[00233] In aspecific example, the operator may set a resettable bridge plug for a multi-stage
fracturing operation with the flow diverter tool 100, 200, 1200 installed above the resettable
bridge plug. In this instance, circulation remains possible through the back jetting ports
without activating a hydraulically activated bridge plug below. In the case of a mechanically
set plug, the flow diverter allows the operator to switch between circulating through the bottom

of the plug when the plug is not set, and circulating above the plug when the plug is set.

[00234] Figure 3C presents an example of a suitable bridge plug 300C. This illustrative
tool 300C is a Crownstone™ GTV tubing-retrievable well barrier (or retrievable bridge plug)

that is available from Baker Hughes (a GE Company) also of Houston, Texas.

[00235] In another embodiment, the flow diverter tool 100, 200, 1200 can be run in
connection with an acid stimulation operation. In this instance, a high pressure jetting tool
may be run below the flow diverter to remove scale, or clean perforations prior to acidizing.
If the rate the formation takes the stimulation fluid is not a limiting factor, the tool can be
shifted to divert flow to the larger back jet ports and the rate at which the job is pumped can

be increased reducing time and increasing efficiency.

[00236] The use of a back pressure valve may also be useful where a sensitive tool is
positioned on the tool string below the flow diverter, and the operator wishes to ensure that the
sensitive tool will not activate when in back-jetting mode. Basically, any operation where a
tool below may restrict the amount of flow that is reasonably possible with the current work
string. The tool can increase operational efficiency by either eliminating unneeded trips out of
the hole to change tools or reduce operational time by allowing the operator to increase the

flow rate and subsequently complete the job faster.

[00237]  Further, variations of the tool and of methods for cleaning out a wellbore may fall
within the spirit of the claims, below. It will be appreciated that the inventions are susceptible

to other modifications, variations and changes without departing from the spirit thereof.
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1. A multi-cycle clean-out tool for controlling a direction of a clean-out fluid within a
wellbore, the wellbore having been lined with a string of production casing, and the clean-
out tool comprising:

a tubular housing providing an elongated bore through which fluids may be injected,
the tubular housing having one or more back jetting ports;

a piston disposed at an upstream end of the tubular housing, the piston forming a
pressure shoulder and having an orifice configured to deliver clean-out fluid from a wellbore
conveyance tubing to the elongated bore of the housing;

a tubular mandrel slidably positioned within the housing, the mandrel having a
proximal end connected to or acted upon by the piston, and an open distal end forming a
plunger;

one or more radial slots disposed along the plunger; and

a seat disposed along the tubular housing below the distal end of the tubular mandrel,
the seat being configured to slidably receive the plunger when the piston and connected
tubular mandrel slide from a raised position (a “back-jetting mode”) wherein the radial slots
are above the seat, to a lowered position (a “flow-through mode”) wherein the radial slots
are along or below the seat;

and wherein the clean-out tool is configured to cycle a position of the mandrel and
connected plunger in response to changes in fluid pumping rate into the conveyance tubing,
with the mandrel and connected plunger moving between the back-jetting mode wherein at
least a portion of the clean-out fluid flows through the back jetting ports, and the flow-
through mode wherein the clean-out fluid flows entirely through the plunger and below the

seat.
2. The wellbore clean-out tool of claim 1, wherein
the plunger is configured to move in telescopic relation to the seat in response to the

changes in fluid pumping rate.

3. The wellbore clean-out tool of claim 2, wherein the tubular housing comprises:

an upper sub having a first upper end and a second lower end; and
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a lower sub having a first upper end abutted to the seat, and a lower end threadedly

connected to a downhole tool.

4. The wellbore clean-out tool of claim 3, wherein the downhole tool is (1) a hydraulic
nozzle, (i1) a bridge plug, (ii1) a sliding sleeve shifting tool, or (iv) a positive displacement

motor.

5. The wellbore clean-out tool of claim 2, wherein:

a lower annular region is formed between the mandrel and the surrounding tubular
housing providing fluid communication between the elongated bore of the tubular housing
and the back jetting ports;

the plunger defines a tubular body having an outer diameter;

the through opening of the seat comprises an inner diameter dimensioned to closely
receive the outer diameter of the plunger; and

at least a portion of the plunger overlaps with the through-opening of the seat when

the piston and connected mandrel are in the raised position.

6. The wellbore clean-out tool of claim 2, wherein:

the at least one radial slot comprises a plurality of radially-disposed slots; and

an inner diameter of the plunger below the radial slots is tuned to adjust a flow split
of clean-out fluid between the back jetting ports and the seat while the clean-out tool is in its

back-jetting mode.

7. The wellbore clean-out tool of claim 6, wherein:

a lower end of the plunger is completely closed off to flow; and

the radially-disposed slots reside above the lower end of the plunger such that all
clean-out fluid flows back through the back jetting ports when the clean-out tool is in its

back-jetting mode.

8. The wellbore clean-out tool of claim 2, wherein:
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the wellbore further comprises a string of production tubing; and
the clean-out tool is dimensioned to be run into or through the string of production

tubing.

0. The wellbore clean-out tool of claim 2, further comprising:

a spring residing in an upper annular region between the tubular mandrel and the
surrounding tubular housing above the lower annular region, the spring being pre-loaded in
compression to bias the mandrel and connected plunger in the back-jetting mode; and

a sequencing mechanism comprising a cylindrical body, wherein the sequencing
mechanism is responsive to a sequence of the fluid pumping rates applied above the piston;

and wherein at least one of the one or more back jetting ports is disposed along the

tubular housing at an upward angle.

10.  The wellbore clean-out tool of claim 9, wherein the sequencing mechanism is
configured to cycle the mandrel and connected plunger between:

its raised position wherein the clean-out tool is in the back-jetting mode;

an intermediate position wherein the clean-out tool remains in its back-jetting mode,
and

its lowered position wherein the clean-out tool is in its flow-through mode.

11. The wellbore clean-out tool of claim 10, wherein:

the sequencing mechanism is a J-slot sequencing mechanism;

the J-slot sequencing mechanism cooperates with at least one pin disposed along the
tubular housing configured to ride in slots along the cylindrical body to cycle the mandrel
and connected plunger between the raised position, the intermediate position and the lowered
position;

and wherein the pin is fixed from axial movement and rides in J-slots of the mandrel

to restrict axial movement of the mandrel on alternating downward strokes.
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12.  The wellbore clean-out tool of claim 11, wherein the J-slot mechanism and spring are
configured to:

(1) maintain the mandrel and connected plunger in its raised position while pumping
at or below a first pump rate, placing the clean-out tool in the back-jetting mode wherein at
least a portion of the clean-out fluid flows through the mandrel, up the lower annular region,
and through the back jetting ports;

(i) maintain the mandrel and connected plunger in its intermediate position while
increasing pump rate above the first pump rate, wherein the clean-out tool remains in its
back-jetting mode;

(iii) upon dropping the pump rate back down to or below the first pump rate,
maintaining the mandrel and connected plunger in its raised position;

(iv) upon raising the pump rate to a rate that meets or exceeds a second pump rate,
move the mandrel and connected plunger to its lowered position, placing the clean-out tool
in its flow-through mode wherein all clean-out fluid is forced to exit below the seat and
downstream of the clean-out tool; and

(v) repeat the cycle of steps (1) through (iv).

13. The wellbore clean-out tool of claim 11, wherein the J-slot mechanism is configured
to cycle between three settings, comprising:

(1) afirst setting wherein the pin resides in a first slot that places the mandrel

and connected plunger in the raised position in response to the biasing mechanical

force exerted by the spring on the mandrel while pumping at a first rate, placing the

clean-out tool in its back-jetting mode;

(i1) a second setting wherein the pin moves higher in the first slot in response
to the injection of the clean-out fluid into the conveyance tubing at an increased pump
rate, while the plunger remains in intermediate position that keeps the clean-out tool

in its back-jetting mode;

(1i1) the first setting again wherein the pin resides in a second slot that keeps
the plunger in the raised position in response to the biasing mechanical force exerted

by the spring; and
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(iv) athird setting wherein the pin moves higher in a third slot in response to
the injection of the clean-out fluid into the conveyance tubing at a second increased
rate, or at any rate higher than the second rate, and wherein the plunger slides from
the raised position to the lowered position, placing the clean-out tool in its flow-

through mode.

14. A method of cleaning out a wellbore using a clean-out tool, the wellbore having been
lined with a string of production casing along a selected subsurface formation, and the
method comprising:

running a clean-out tool into the wellbore on a lower end of a string of coiled tubing,
the clean-out tool comprising:

a tubular housing providing an elongated bore through which fluids
are injected, the tubular housing having one or more back jetting ports;

a piston disposed at an upstream end of the tubular housing, the piston
forming a pressure shoulder and having an orifice configured to deliver clean-
out fluid from the coiled tubing string to the elongated bore of the housing;

a tubular mandrel slidably positioned within the housing, the mandrel
having a proximal end connected to or acted upon by the piston, and an open
distal end forming a plunger;

one or more radial slots disposed along the plunger; and

a seat disposed along the tubular housing below the distal end of the
tubular mandrel, the seat being dimensioned to slidably receive the plunger
when the piston and connected tubular mandrel slide from a raised position (a
“back-jetting mode”) wherein the radial slots are above the seat, to a lowered
position (a “flow-through mode”) wherein the radial slots are along or below
the seat;

locating the clean-out tool at a selected depth along the wellbore;
pumping clean-out fluid down the coiled tubing and into the bore of the tubular

housing at a first flow rate, thereby causing at least a portion of the clean-out fluid to flow
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through the mandrel, up a lower annular region and through the back jetting ports while a
remaining portion flows through a distal end of the tubular housing; and

further pumping the clean-out fluid down the coiled tubing and into the bore of the
tubular housing at a second flow rate that is higher than the first flow rate, thereby increasing
a hydraulic force acting on the pressure shoulder of the piston and causing the mandrel and
connected plunger to slide along the tubular housing such that the plunger advances through
the seat, thereby forcing all of the injected clean-out fluid to flow through the distal end of

the tubular housing.

15. The method of claim 14, wherein:

the at least one radial slot comprises a plurality of radially-disposed slots;

the plunger is configured to move in telescopic relation to the seat in response to the
changes in fluid flow rate; and

in the raised position, the radial slots reside above the seat, while in the lowered

position the radial slots reside along or below the seat.

16. The method of claim 15, wherein the tubular housing comprises:
an upper sub having a first upper end and a second lower end; and
a lower sub having a first upper end proximate to the seat, and a lower end threadedly

connected to a downhole tool.

17. The method of claim 16, wherein the downhole tool is (i) a hydraulic nozzle, (ii) a

bridge plug, (ii1) a sliding sleeve shifting tool, or (iv) a positive displacement motor.

18. The method of claim 15, wherein the clean-out tool further comprises:
a lower annular region formed between the mandrel and the surrounding
tubular housing providing fluid communication between the elongated bore of the
tubular housing and the back jetting ports;

the plunger defines a tubular body having an outer diameter;
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the through-opening of the seat comprises an inner diameter dimensioned to
closely receive the outer diameter of the plunger; and
at least a portion of the plunger overlaps the through-opening of the seat when

the plunger is in its raised position.

19. The method of claim 18, wherein:
the inner diameter of the plunger below the radial slots is tuned to adjust a flow split
of clean-out fluid between the back jetting ports and the seat while the clean-out tool is in its

raised position.

20. The method of claim 18, wherein:

a lower end of the plunger is completely closed off to flow; and

the radially-disposed slots reside above the lower end of the plunger such that all
clean-out fluid flows back through the back jetting ports when the clean-out tool is in its

back-jetting mode.

21. The method of claim 18, wherein:
the wellbore comprises a string of production tubing, and
running a clean-out tool into the wellbore comprises running the coiled tubing string

and connected clean-out tool into the string of production tubing.

22. The method of claim 18, wherein the clean-out tool further comprises:

a spring residing in an upper annular region between the tubular mandrel and the
tubular housing above the lower annular region, the spring being pre-loaded in compression
to bias the mandrel and connected plunger in the first raised position; and

a sequencing mechanism comprising a cylindrical body, wherein the sequencing
mechanism is responsive to a sequence of flow rates applied above the piston;

and wherein at least one of the one or more back jetting ports is disposed along the

tubular housing at an upward angle.
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23. The method of claim 22, wherein the sequencing mechanism is configured to cycle
the mandrel and connected plunger between:

a raised position wherein the clean-out tool is in the back-jetting mode;

an intermediate position wherein the clean-out tool remains in its back-jetting mode
and the radial ports of the plunger remain above the seat even though flow rate is above an
activation rate, and

a lowered position wherein the clean-out tool is in the fluid flow-through mode.

24. The wellbore clean-out tool of claim 23, wherein:

the sequencing mechanism is a J-slot sequencing mechanism;

the J-slot sequencing mechanism cooperates with at least one pin disposed along the
tubular housing configured to ride in slots along the cylindrical body to cycle the mandrel
and connected plunger between the raised position, the intermediate position and the lowered
position;

and wherein the pin is fixed from axial movement and rides in the J-slots of the

mandrel to restrict axial movement of the mandrel on alternating downward strokes.

25. The method of claim 24, wherein the J-slot mechanism and spring are configured to:

(1) maintain the clean-out tool in its raised position while pumping at or below a first
pump rate, placing the clean-out tool in the back-jetting mode wherein at least a portion of
the clean-out fluid flows through the mandrel, up the lower annular region, and through the
back jetting ports;

(i) maintain the clean-out tool in its intermediate position while increasing pump
rate above the first pump rate, and wherein the same portion of the clean-out fluid flows
through the mandrel, up the lower annular region and through the back jetting ports;

(iii) upon dropping the pump rate back down to or below the first pump rate,
maintaining the clean-out tool in its raised position;

(iv) upon raising the pump rate to a rate that meets or exceeds a second pump rate,

move the clean-out tool to its lowered position, placing the clean-out tool in its flow-through
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mode wherein all clean-out fluid is forced through the plunger below the seat and

downstream of the clean-out tool; and

(v) repeat the cycle of steps (1) through (iv).

26. The method of claim 25, wherein step (v) is done without reverse circulating in the
wellbore.
27. The method of claim 24, wherein the J-slot mechanism and spring are configured to

cycle between three settings, comprising:

28.

(1) afirst setting wherein the pin resides in a first slot that places the mandrel
and connected plunger in the raised position in response to the biasing mechanical
force exerted by the spring on the mandrel while pumping at a first rate, placing the

clean-out tool in its back-jetting mode;

(i1) a second setting wherein the pin moves higher in the first slot in response
to the pumping of the clean-out fluid into the coiled tubing at an increased pumping
rate, so that the plunger advances to the intermediate position while remaining in its

back-jetting mode;

(1ii) the first setting again wherein the pin resides in a second slot that allows

the plunger to remain in the raised position; and

(iv) athird setting wherein the pin moves higher in the second slot in response
to the injection of the clean-out fluid into the coiled tubing at a second increased rate,
or at any rate higher than the second rate, and wherein the plunger slides from the
raised position to the lowered position, placing the clean-out tool in its flow-through

mode.

The method of claim 27, further comprising:

adjusting an aperture size of the orifice associated with the piston, thereby

accommodating flow rate variations associated with the raised and lowered positions of the

mandrel.
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29. The method of claim 18, further comprising:
selecting a cross-sectional area of the piston orifice,
selecting a cross-sectional area of the one or more back jetting ports;
selecting a cross-sectional area of the radial slots in the plunger;
selecting a cross-sectional area of the plunger below the radial slots of the plunger;
selecting a cross-sectional area of the lower annular region; or

combinations thereof, before running the clean-out tool into the wellbore.

30. The method of claim 29, further comprising:

monitoring a pressure of the clean-out fluid from the surface as it is injected into the
tubular housing; and

receiving confirmation that the clean-out tool has entered its flow-through mode

when pressure reaches a designated level.

31 A method of cleaning out a wellbore using a clean-out tool, comprising:
(a) placing a clean-out tool in the wellbore along a string of production casing, the
clean-out tool comprising:

a tubular housing providing an elongated bore through which fluids
may flow, the tubular housing having one or more back jetting ports disposed
at an upward angle therein;

a piston disposed at an upstream end of the housing, the piston forming
a pressure shoulder and having an orifice configured to deliver fluids from a
conveyance string in the wellbore to the elongated bore of the housing;

a tubular mandrel slidably positioned within the housing, the mandrel
having a proximal end connected to or acted upon by the piston, and an open
distal end forming a plunger;

one or more radial slots disposed along the plunger;

a seat disposed along the tubular housing below the distal end of the

tubular mandrel, the seat being dimensioned to slidably receive the plunger
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when the piston and connected mandrel slide from a raised position (a “back-
jetting mode”) wherein the radial slots are above the seat to a lowered position
(a “flow-through mode”) wherein the radial slots are along or below the seat;
and

a lower sub having a first upper end proximate to the seat, and a lower
end threadedly connected to a downhole tool such that the clean-out tool and
the downhole tool together form a bottom hole assembly (“BHA”);,

(b) locating the BHA within the wellbore;

(c) pumping the clean-out fluid down the wellbore and into the clean-out tool at or
above an activation rate, causing the tubular mandrel and connected plunger to move to its
lowered position,;

(d) continuing to pump the clean-out fluid down the wellbore and into the clean-out
tool at a rate above the activation rate in order to initiate operation of the downhole tool; and

(e) pumping the clean-out fluid down the wellbore and into the clean-out tool at a rate
below the activation rate, causing the tubular mandrel and connected plunger to move to the
raised position so that at least a portion of the clean-out fluid flows through the back jetting

ports, while also discontinuing operation of the downhole tool.

32. The method of claim 31, wherein the clean-out tool further comprises:

a lower annular region formed between the mandrel and the surrounding tubular
housing providing fluid communication between the elongated bore of the tubular housing
and the back jetting ports;

a J-slot mechanism responsive to the fluid flow rates and configured to cycle between

the back-jetting mode and the flow-through mode.

33. The method of claim 32, wherein:
the plunger defines a tubular body having an outer diameter;
the seat comprises a through-opening dimensioned to closely and telescopically

receive the outer diameter of plunger;
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the one or more radial slots comprise a plurality of radially-disposed slots above a
lower end of the plunger, providing fluid communication between the bore and the lower
annular region;

the lower end of the plunger slidably overlaps with the through-opening of the seat
when the piston and connected mandrel are in the raised position;

in the raised position, radial slots of the plunger reside above the seat; and

in the lowered position, the radial slots of the plunger reside along or below the seat.

34. The method of claim 33, wherein:
the downhole tool is a milling tool or comprises a drill bit; and
operating the downhole tool comprises (1) milling a plug within the wellbore, (i1)

milling out debris along the wellbore, or (ii1) drilling a formation to extend the wellbore.

35. The method of claim 33, further comprising:
lightening a hydrostatic head formed by the clean-out fluid during the back-jetting

mode.

36. The method of claim 33, wherein:
a setting tool resides within the wellbore downstream from the downhole tool; and
the method comprises cleaning out the wellbore while the clean-out tool is in its back-

jetting mode without activating the setting tool.

37. The method of claim 33, wherein:
a resettable bridge plug resides within the wellbore downstream from the downhole
tool; and
the method comprises:
cleaning out the wellbore while the clean-out tool is in its back-jetting mode
and while the resettable bridge plug is not set;

placing the clean-out tool in its flow-through mode; and
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cleaning out the wellbore while the clean-out tool is in its flow-through mode

while the resettable bridge plug is set.

39. The method of claim 32, wherein:
the downhole tool is a hydraulic nozzle; and
operating the downhole tool comprises injecting acid into the clean-out tool as the

clean-out fluid.

40. The method of claim 32, wherein:
the downhole tool is a sliding sleeve shifting tool; and
operating the downhole tool comprises:
cleaning out the wellbore while the clean-out tool is in its back-jetting mode
and without activating the sliding sleeve shifting tool;
placing the clean-out tool in its flow-through mode; and
shifting a sliding sleeve associated with the sliding sleeve shifting tool in the

wellbore while the clean-out tool is in its flow-through mode.

59



WO 2020/170044 PCT/1B2020/000161

112

10~

114
181 —

Ko o

o

150 153

157
e 152

1256 —

1297 o L 185

(000000000000 0000

(v

126

MO0 AN ERE0nE00000

| e 4030

R I

[ ~—130

b 134

LT 146
[t 148
I

VA

Qb 162

e
P
=)

o160
184
105
Tl — 181
171 L3 170

Sr— 180
184 —gl [ 192

Y
OB
UL
Az
%& =

o FIG. 1A




WO 2020/170044 PCT/1B2020/000161

—~ 112

110~ |

122

157
e 182

e

S RPa PR e
0adt
]
L]

7 / (oo

&:

e SpLeTeTooT ToTeTaTotelaToTeTaN o oy

126
|1~ 132

| 4 400

130

\.,, 134

| 148
[ 145

14

WFLL 462
18—l 7

mEﬁﬁm\ézf—i:fW@gg
185 b A1
171 —42 " 170
i EeH—180

=9

&

F-N

/
v

190 | d——195
Ul FIG. 1B

2104

2/22



WO 2020/170044

10—~

114

183

126

128

112

N 122

00000

e
4

14}
I a Yn—
“Releiolol ssjgjejeiole)

;/’ ,,f" ;

SRR OWEE

Y

~ 158

157
S 152
120
155

5

126
| ~132

| e 400
[ +—130

FH—134

| 148
145

e
P
=)

T 162
160

e 105
i 164
At 170
s 180
UH-192

198

3/22

=104

PCT/1B2020/000161

FIG. 1C



WO 2020/170044 PCT/1B2020/000161

112

110 ~p |
* 200

114
181 —

) o %

FRelelels sreicioie Cieicivlciols =Nt e

4 ,ﬁ ;

1863

120

126 L 152

S

128

158

LY LYol Yo ToYoXeYeN 2= =il

— 126
132

5| 400
[ ~—130

Fit—134

| H—148
145

‘ 162

4160
=164
|t 105
bl 1 8
B B— 280

L 192

z 4 FIG. 2A




WO 2020/170044

110~ |

114

151 —H7TT

183

125 —}

129

124~}

482 —1
1085 —
155 —

142 ~}
136 —H

140~
154 —H

< PON0RDARAN0RNORANG, T

VA

Y
IR

TS
oA /{ 0

A 160
108
164
181

G sissieisir=hwesil

)

T TONE SISO
it S

e

RS

““%fsmﬁaz

—~ 112

He122

4 156
A 157

120
tr 182

158

b 134

—— 148

148

162

270

280

PCT/1B2020/000161

200

FIiG. 2B



WO 2020/170044 PCT/1B2020/000161

112

110 ~p |
N 200

114 122

151 —

i

156

183 15T

120
o 162

Vo

125

b
R . W
— A OOTUTIO000

SRR SN E=

128

158

126
132

b w400

[ ~—130

134

148
148

IN
N
iﬁ %m 148

148“&§15iﬁ? 162
T l-180

L 108
1ar—t 1 164
S 270

gt 280
192

e
.

190 | d-—198
Ul FIG. 2C

w404

6/22



PCT/1B2020/000161

WO 2020/170044

FIG. 3A

7/22



0000000000000

FiG. 3B




WO 2020/170044 PCT/1B2020/000161

400 400

482 482

FIG. 4A FiG. 4B

400

482 482

FIG. 4C FiG. 4D

9/22



WO 2020/170044 PCT/1B2020/000161

i~ 4 53 -~ 1562
155 155
S ot 128 129 —pH-o «
484D | 484D
410 B 410
r\,} \l
\ NN
I
Y
\ N
154 ~ 154

FIG. 5A FIG. 5B

10/22



WO 2020/170044 PCT/1B2020/000161

482 425
é’ { 420
)| -

7

FIG. 6A
420
425

11/22



WO 2020/170044 PCT/1B2020/000161

N \
142 ~N N
9
140
<
141~

148 —-0 S 148

145

—~ 144

i

FIG. 7

12/22



WO 2020/170044 PCT/1B2020/000161

150 E 4+ 151 189 —~J
I L J

156 —

3

163

FIG. 8A

FIG. 8C

13/22



WO 2020/170044 PCT/1B2020/000161

162 Qﬁmﬂg:wiez

180 ! 160

—~- 161

164 — —~- 164

|- 1D -]
FIG. 9A FiG. 98

162 —

N\ 164

FiG. 8C

14/22



WO 2020/170044 PCT/1B2020/000161

D

182 182 ~

180

Ot~ =01

186

.
184 184~
FIiG. 10A FIG. 108

FIG. 10C

15/22

180



WO 2020/170044

180 ~

170 —

\

kY

~ 184

FIG. 11A

16/22

PCT/1B2020/000161

IC

-~ 180

5
[_.\,,131

2\

%%§-1?5
170

NN\ 7 g
184

FIG. 11B



WO 2020/170044

02—

10~

4108 | 12

N — 1200

114

161~

122

T 186

163

125 —

o 187
e 182

&5

M~ 120

Bl

128

124

188

£ SToTeYeVaY YeTeNeYolaTeleoToToTel i ia

126

6666686666

by

(i

132

|~ 400

130

=

1134

148
145

NN .

A
B A
i S

AN L
e
1

N Ko,

9l bl 1262 \
/ \
1280

41281 |
4105 |

E":/ 0.

4

O N—
T

~- 1270 /

<
BRI
X = >3
!/f!/iL/_ b,

/

e 4275

- 7
192

s

Ve
~

— 198

g FIG. 12A

104

SRS
il A4

X

17/22

PCT/1B2020/000161

-

166

184 ko
1260~}
148 |

147

1264 —-2.4_

i
o
£
f

.

Bl SV Y - #,—/

FIG. 12-P1



WO 2020/170044 PCT/1B2020/000161
102 ——

Al
N

105 M2

10~

1200

g 122
WU

X

151 &7

X

L sloeTeTovaliToYolaToTolaTotoTe Wiz= =euality

%)

~- 166

153 N {57

152

1285 —+
\ 120

128 155

-

166
148 —

= lbLh peRIbLE il

LLE

— 126
132

Ty
i

o
%)
=3
)

S A

%;Ab~»400
4130

4 albib-1262
154 5:%ﬂ443
2 1260~ ||
I Tzfg 1268

oouby
Lo}
&1

Y
€3
&
)
Yo

1281

N 1275

&
o
[
008t
Y
=,
e

AL 482

198

sj ;ﬁ\\¢12?ﬂ ,f AT

~
A o
St 1Y
Lo G2
£ S
{

SN

i

v

Bl
~

=~
%
wed,
e
R}
LY

18/22



WO 2020/170044 PCT/1B2020/000161

102 ey
Taoe 1112

140
1200

122

114

v:vd

151 158

A

= Rei10i016 Bu91001010% Lovas T

183 i

185

126 —H

128

Mm()man }V‘Af/lﬂmqmawﬂ =

I " 148 —
i~ 132 il

5

AN ¥

;” Aah,400
.
.

166

oD
]
i~
2

154 —=3/)

1275
* /{\ 1281
144 "*"-\ _______ 192
1$0M\;2/ 2

195

B N e

19/22



WO 2020/170044

148 —

1265

1260°—

147 —N

1264 Pk

1270 —

sl

4140

- 1282

~— 148

192

190 —

1281

-

AN-~144

f P

FIG. 12-P4

20/22

148 —

140 —

PCT/1B2020/000161

105

-y

7227,

L

X's

3

- 1262

1285

1281

12?6#~\_\

144~

PYT]I\

— 148
— 12607

— 147

FIG. 12-P5



PCT/1B2020/000161

WO 2020/170044

e s s YA, - NSO S

|

:
GGl w n
a% . --u-

pstl peECE geel

g%t

€1 °Old

21/22



WO 2020/170044 PCT/TIB2020/000161
1400 ~
1410
.
Frovide a Wellbore
1420 i
L
Run a Clean-Out Tool Into a Welibore On
a Lower End of Coiled Tubing String
i 1430
ey
Locate the Clean-Out Tool at a Selected Depth
Along the Wellbore
1440 i
N

Pump a Clean-Out Fiuid Into the Bore of the Clean-Out Tool at a
First Flow Rate, Thereby Causing at Least a Portion of the
Clean-Out Fluid to Flow Through the Back Jetting Ports

i

Further Pump the Clean-Out Fluid Into the Bore of the Clean-Out Tool
at a Second Greater Flow Rate, Thereby Causing the Mandrel and
Connected Plunger to Land on a Seat, and Thereby Force All of the

Pumped Fluid to Flow Through the End of the Clean-Out Tool

1450
ey

1460

i

Select a Desired Total Cross-Sectlional Area for the Fiow Through Slots,
the Radial Slots in the Plunger, the Back Jetting Ports, the Piston Orifice,
the Seat and the Lower Annular Region

FIG. 14

22/22




INTERNATIONAL SEARCH REPORT

International application No.

PCT/1B2020/000161

A. CLASSIFICATION OF SUBJECT MATTER

IPC: E21B 21/08 (2006.01), E21B 21/10 (2006.01), E21B 37/00 (2006.01)

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC: E21B 21/08 (2006.01), E2IB 21/10(2006.01), E21B 37/00 (2006.01)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Databases: Questel Orbit, Canadian Patents Database

Search terms: back, jetting, ports, piston, clean-out, multi, tubular

Electronic database(s) consulted during the international search (name of database(s) and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

*whole document*

* whole document*

* whole document*

A US9115558B2 (STANG, 1.), 25 August 2015 (25-08-2015)

A US20110203847A1 (RANDALL, B. et al) 25 August 2011 (25-08-2011)

A US20180371857A1 (MOJA, A.) 27 December 2018 (27-12-2018)

1-40

1-40

1-40

"W Further documents are listed in the continuation of Box C.

W See patent family annex.

* |Special categories of cited documents:

“A” |document defining the general state of the art which is not considered
to be of particular relevance

“D” |document cited by the applicant in the international application

“E” |earlier application or patent but published on or after the international
filing date

“L” |document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0” |document referring to an oral disclosure, use, exhibition or other means

“P” |document published prior to the international filing date but later than
the priority date claimed

“T” [later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

document member of the same patent family

ey

wy

g

Date of the actual completion of the international search

Date of mailing of the international search report
09 July 2020 (09-07-2020)

Name and mailing address of the ISA/CA
Canadian Intellectual Property Office

Place du Portage I, C114 - 1st Floor, Box PCT
50 Victoria Street

Gatineau, Quebec K1A 0C9

Facsimile No.: 819-953-2476

Authorized officer

Jim Triantafillou (819) 934-4268

Form PCT/ISA/210 (second sheet ) (July 2019)




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT /IB2020 /000161

Patent Document Publication Patent Family Publication

Cited in Search Report Date Member(s) Date

US9115558B2 25 August 2015 (25-08-2015) US2012205108A1 16 August 2012 (16-08-2012)
CA2747042A1 23 January 2012 (23-01-2012)
CA2747042C 23 February 2016 (23-02-2016)

US2011203847A1 25 August 2011 (25-08-2011) US8752651B2 17 June 2014 (17-06-2014)
AU2016223210A1 03 August 2017 (03-08-2017)
AU2016223210B2 08 November 2018 (08-11-2018)
AU2016223211A1 03 August 2017 (03-08-2017)
AU2016223211B2 06 December 2018 (06-12-2018)
AU2016223213A1 03 August 2017 (03-08-2017)
AU2016223213B2 28 February 2019 (28-02-2019)
AU2016223213C1 06 June 2019 (06-06-2019)
AU2016223214A1 03 August 2017 (03-08-2017)
AU2016223214B2 31 January 2019 (31-01-2019)
AU2018253608A1 22 November 2018 (22-11-2018)
AU2018253608B2 27 February 2020 (27-02-2020)
AU2019200875A1 28 February 2019 (28-02-2019)
AU2019200875B2 16 April 2020 (16-04-2020)
AU2019200877A1 28 February 2019 (28-02-2019)
CA2732675A1 25 August 2011 (25-08-2011)
CA2732675C 05 November 2013 (05-11-2013)
CA2748994A1 22 August 2012 (22-08-2012)
CA2748994C 05 November 2013 (05-11-2013)
CA2919649A1 24 August 2016 (24-08-2016)
CA2919649C 26 February 2019 (26-02-2019)
CA2919665A1 24 August 2016 (24-08-2016)
CA2919665C 25 June 2019 (25-06-2019)
CA2919666A1 24 August 2016 (24-08-2016)
CA2919666C 16 July 2019 (16-07-2019)
CA2919674A1 24 August 2016 (24-08-2016)
CA2919674C 16 July 2019 (16-07-2019)
CA3031514A1 24 August 2016 (24-08-2016)
CA3031820A1 24 August 2016 (24-08-2016)
CN107407129A 28 November 2017 (28-11-2017)
CN107407129B 05 July 2019 (05-07-2019)
CN107407141A 28 November 2017 (28-11-2017)
CN107407141B 30 October 2018 (30-10-2018)
CN107429542A 01 December 2017 (01-12-2017)
CN107429542B 05 July 2019 (05-07-2019)
CN107429552A 01 December 2017 (01-12-2017)
CN107429552B 10 March 2020 (10-03-2020)
CN109915011A 21 June 2019 (21-06-2019)
CN110067534A 30 July 2019 (30-07-2019)
GB201713514D0 04 October 2017 (04-10-2017)
GB2550790A 29 November 2017 (29-11-2017)
GB201713587D0 11 October 2017 (11-10-2017)
GB2550795A 29 November 2017 (29-11-2017)
GB2550795B 16 October 2019 (16-10-2019)
GB201713596D0 11 October 2017 (11-10-2017)
GB2550797A 29 November 2017 (29-11-2017)
GB201713449D0 04 October 2017 (04-10-2017)
GB2553673A 14 March 2018 (14-03-2018)
GB2553673B 05 June 2019 (05-06-2019)
GB201803897D0 25 April 2018 (25-04-2018)
GB2562576A 21 November 2018 (21-11-2018)
GB2562576B 16 October 2019 (16-10-2019)
GB201820229D0 23 January 2019 (23-01-2019)

Form PCT/ISA/210 (patent family annex ) (July 2019)




International application No.

INTERNATIONAL SEARCH REPORT PCT/IB2020/000161

Patent Document Publication Patent Family Publication

Cited in Search Report Date Member(s) Date
GB2566627A 20 March 2019 (20-03-2019)
GB2566627B 04 September 2019 (04-09-2019)
GB201910229D0 28 August 2019 (28-08-2019)
GB2572724A 09 October 2019 (09-10-2019)
GB2572724B 01 January 2020 (01-01-2020)
NO20171412A1 31 August 2017 (31-08-2017)
NO20171413A1 31 August 2017 (31-08-2017)
NO20171414A1 31 August 2017 (31-08-2017)
NO20171415A1 31 August 2017 (31-08-2017)
US2011290561A1 01 December 2011 (01-12-2011)
US8991522B2 31 March 2015 (31-03-2015)
US2015176332A1 25 June 2015 (25-06-2015)
US9856700B2 02 January 2018 (02-01-2018)
US2016160619A1 09 June 2016 (09-06-2016)
US9976351B2 22 May 2018 (22-05-2018)
US2016160568A1 09 June 2016 (09-06-2016)
US10227825B2 12 March 2019 (12-03-2019)
US2016160595A1 09 June 2016 (09-06-2016)
US10260299B2 16 April 2019 (16-04-2019)
US2016153239A1 02 June 2016 (02-06-2016)
US10309205B2 04 June 2019 (04-06-2019)
US2018209258A1 26 July 2018 (26-07-2018)
US10323493B2 18 June 2019 (18-06-2019)
US2019032405A1 31 January 2019 (31-01-2019)
US10597944B2 24 March 2020 (24-03-2020)

US2019032406A1 31 January 2019 (31-01-2019)
US2019153841A1 23 May 2019 (23-05-2019)
US2019162060A1 30 May 2019 (30-05-2019)
WO02016137663A1 01 September 2016 (01-09-2016)
WO02016137664A1 01 September 2016 (01-09-2016)
WO02016137666A1 01 September 2016 (01-09-2016)
WO02016137667A1 01 September 2016 (01-09-2016)
WO02019140287A2 18 July 2019 (18-07-2019)
WO02019140287A3 15 August 2019 (15-08-2019)
WO02019140336A1 18 July 2019 (18-07-2019)

US2018371857A1 27 December 2018 (27-12-2018)  US10605017B2 31 March 2020 (31-03-2020)
CA2996578A1 22 December 2018 (22-12-2018)
CA3051077A1 24 March 2020 (24-03-2020)
US2019353007A1 21 November 2019 (21-11-2019)
US10605051B2 31 March 2020 (31-03-2020)

Form PCT/ISA/210 (extra sheet) (July 2019)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - claims
	Page 50 - claims
	Page 51 - claims
	Page 52 - claims
	Page 53 - claims
	Page 54 - claims
	Page 55 - claims
	Page 56 - claims
	Page 57 - claims
	Page 58 - claims
	Page 59 - claims
	Page 60 - claims
	Page 61 - claims
	Page 62 - drawings
	Page 63 - drawings
	Page 64 - drawings
	Page 65 - drawings
	Page 66 - drawings
	Page 67 - drawings
	Page 68 - drawings
	Page 69 - drawings
	Page 70 - drawings
	Page 71 - drawings
	Page 72 - drawings
	Page 73 - drawings
	Page 74 - drawings
	Page 75 - drawings
	Page 76 - drawings
	Page 77 - drawings
	Page 78 - drawings
	Page 79 - drawings
	Page 80 - drawings
	Page 81 - drawings
	Page 82 - drawings
	Page 83 - drawings
	Page 84 - wo-search-report
	Page 85 - wo-search-report
	Page 86 - wo-search-report

