wo 2011/091157 A2 I 0K 00 OO

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

(19) World Intellectual Property Organization
International Bureau

-

U
(43) International Publication Date :
28 July 2011 (28.07.2011)

2P0

(10) International Publication Number

WO 2011/091157 A2

(51) International Patent Classification:

E21B 37/00 (2006.01)

(21) International Application Number:

PCT/US2011/021899

(22) International Filing Date:

20 January 2011 (20.01.2011)
English
English

(25)
(26)
(30)

Filing Language:
Publication Language:

Priority Data:
61/296,878 20 January 2010 (20.01.2010) Us

Applicant (for all designated States except US): WELL-
BORE ENERGY SOLUTIONS, LLC [US/US]; 6127
Highway 90 E., Broussard, LA 70518 (US).

1

(72)
(73)

Inventors; and

Inventors/Applicants (for US only): KNOBLOCH, Ben-
ton, T. [US/US]; 201 Sawgrass, Broussard, LA 70518
(US). TILLEY, David, J. [US/US]; 2710 Irish Bend
Road, Franklin, LA 70538 (US). ROY, Todd, J.
[US/US]; 105 Countryview Drive, Youngsville, LA
70592 (US).

Agent: BOOTH, John, F.; Booth Albanesi Schroeder
LLC, 1601 Elm Street, Ste. 1950, Dallas, TX 75201-4744

(US).

74

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Published:

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

(54) Title: DIFFERENTIAL PRESSURE WELLBORE TOOL AND RELATED METHODS OF USE

220
Wl 234
2T 7
AR~
i S| 222
!
| 255
f
- . FIG.6A
A K4
| 250
73 \.T
230—§§_
| e

3

(57) Abstract: Disclosed is a power head for connection in a tubing string suspended in a subterranean location in a wellbore for
use in methods removing debris from the wellbore. When the power head is in the closed position, well fluids pumped down the
tubing string will flow through the power head. When the power head is moved to the open position by dropping a actuator ball
onto a seat in the power head, the power head creates flow down along the annulus to circulate debris laden well fluids into a
catch apparatus such as a catch basket or screen. In the open position, nozzles and the eductor create the reverse flow.
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DIFFERENTIAL PRESSURE WELLBORE TOOL AND
RELATED METHODS OF USE

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority from U.S. Provisional Patent Application No.
61/296,878, filed January 20, 2010, entitled “Differential Pressure Wellbore Tool and

Related Methods of Use,” which is hereby incorporated by reference in its entirety.
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BACKGROUND

Technical Field

[0002] The present inventions generally relate to enhanced and improved wellbore
debris clean out tools and related methods of use. Generally, the tools of the present inventions
are connected to a tubing string, such as, a drill string, for use in a downhole well

environment to remove debris from the well.

[0003] Well operations, such as milling out a tool or pipe in a wellbore or frac
operation, create debris that needs to be collected and removed from the well. For example, a
bottom-hole assembly with a mill is made up with a debris collection tool. Debris collection tools
are sometimes referred to as junk baskets, collector baskets or sand screens. There are a variety
of different collection tools that operate on different principles. However, in general, these
various tools have a common objective of separating circulating fluid from the cuttings and/or
other debris that is present in the wellbore. In some tools, reverse circulation is created at the
lower end of the tubing string and is used to circulate the debris into the collection tool.
Reverse circulation is generally created by using a tool, sometimes referred to as a power
head, to direct flow laden with cuttings and/or particulate material into a debris removal

assembly.

[0004] Exemplary, non-limiting embodiments and/or disclosures of junk
bailing apparatuses and vacuum apparatuses are disclosed in: U.S. 2,915,127; U.S. 2,771,141;
U.S. 2915,127; U.S. 3,023,810; U.S. 3,382,925; U.S. 4,059,155; U.S. 5,176,208; U.S.
5,402,850; U.S. 5,944,100; U.S. 6,176,311; U.S. 6,276,452; U.S. 6,341,653; U.S.
6,962,197; U.S. 7,472,745; U.S. 2007/0272404A1; and U.S. 2009/0126933A1, the contents of
which are hereby incorporated by reference for all purposes, as if they were presented herein in their

entirety. However, the art field is still in search of satisfactory tools to clean debris from a well.
SUMMARY OF THE INVENTIONS

[0005] In general, various embodiments of the present inventions comprise: a power
head comprising a central flow passage, at least one eductor with a flow path parallel to the
central flow passage, and at least one vent port. The valve is capable of directing flow through

the eductor and opening the vent port, allowing flow through the eductor and into the annulus.
2
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The eductor is positioned to create an area of low pressure to generate reverse circulation into a
debris collection assembly. The debris collection tool includes improved knock-out and filter

assemblies.

[0006] These and other features and advantages of the inventions will be
apparent to those skilled in the art from the following detailed description of a preferred

embodiment, taken together with the accompanying figures and claims.
BRIEF DESCRIPTION OF THE FIGURES

[0007] All figures of the present inventions are not drawn to scale unless otherwise
indicated. Understanding that these drawings depict only typical embodiments of the inventions
and are, therefore, not to be considered limiting of their scope, the inventions will be described

with additional specificity and detail through the use of the accompanying drawings in which:

[0008] Figure 1 is a sectional view of an embodiment of the power head of the present

inventions in a closed position;
[0009] Figure 2 is a sectional view of the embodiment of Figure 1 in an open position;
[0010] Figure 3 is a sectional view taken on line A-A of Figure 3;

[0011] Figure 4 is a sectional view of a debris collection portion of the present

inventions capable of use with power head embodiments of the present inventions;

[0012] Figure 5 is a sectional view of an alternate embodiment of a power head of the

present inventions in a closed position;

[0013] Figure 6A is a sectional view of the power head of Figure 5 in an open
position;
[0014] Figure 6B is sectional view similar of an alternative embodiment of the power

head of Figure 6A, shown in the closed position;

[0015] Figure 7 is a sectional view of an alternative embodiment of a debris

collection portion of the present inventions;
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[0016] Figure 8 is a sectional view illustration of an alternative embodiment of

the screen portion of the debris collection portion of Figure 8;

[0017] Figure 9 is a perspective view of the power head of the present inventions
assembled with a third alternative embodiment of the debris collection portion of the

present inventions;
[0018] Figure 10 is a sectional view of the assembly of Figure 9;

[0019] Figure 11 is a sectional view of the filter portion of the assembly of

Figure 9;

[0020] Figure 12 a and b are sectional views of embodiments of the knock-out

portion of the assembly of Figure 9; and

[0021] Figure 13 is a sectional view of the valve in the filter portion of the present

inventions.
DETAILED DESCRIPTION OF THE INVENTIONS

[0022] The particulars shown herein are by way of example and for purposes
of illustrative discussion of the preferred embodiments of the present inventions only and are
presented in the cause of providing what is believed to be the most useful and readily
understood description of the principles and conceptual aspects of various embodiments of the
inventions. In this regard, no attempt is made to show structural details of the inventions in more
detail than is necessary for the fundamental understanding of the inventions, the description
taken with the drawings making apparent to those skilled in the art how the several forms of

the inventions may be embodied in practice.

[0023] The following definitions and explanations are not meant and
intended to be controlling in any future construction unless clearly and unambiguously
modified in the following description. In cases where the construction of the term would
render it meaningless or essentially meaningless, the definition should be taken from
Webster's Dictionary, 3" Edition. Definitions and/or interpretations should not be

incorporated from other patent applications, patents, or publications, related or not, unless
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specifically stated in this specification or if the incorporation is necessary for maintaining

validity.

[0024] As used herein, the term "attached,"” or any conjugation thereof describes

and refers the at least partial connection of two items.

[0025] As used herein, the term "integral" means and refers to lacking nothing

essential after assembly.

[0026] As used herein, the term "fluid" is a continuous, amorphous substance whose
molecules move freely past one another and that has the tendency to assume the shape of its

container, for example, a liquid or a gas.

[0027] Other than in the operating examples, or where otherwise indicated, all
numbers expressing quantities of components used herein are to be understood as modified in

all instances by the term "about.”

[0028] As used herein, an “eductor” is a device typically having a nozzle with an
input port for flowing fluid through the device to an output port and for creating a suction to
draw fluid into a suction port to mix with the fluid flowing between the input and output.
Eductors include, for example, jet pumps and Venturi pumps. “Eductor axis” means the center

line of the nozzle.

[0029] As used herein, “debris catcher” is a device for separating solids from

wellbore fluids and includes screens and baskets.

[0030] Various embodiments of the present inventions generally provide for
enhanced differential pressure power head. In various further embodiments, a differential
power head of the present inventions can be used with a variety of drilling accessories and/or
modular drilling accessories. In an embodiment, a differential pressure power head of the
present inventions is associated with a wellbore clean out tool, such as, not by means of
limitation, a junk basket, filter screen, and/or the like. A differential pressure is created by
reverse circulated flow from the inner diameter of the tool and/or production pipe rather than by
operation of flow from the outer diameter of the production pipe and/or wellbore or casing.

The flow is created, at least in part, from the pressure differential and the Venturi effect.

5
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Various embodiments of the present inventions maximize the pressure from an eductor through an

inner pipe.

[0031] Referring now to the drawings wherein like reference characters are
utilized throughout the several figures, there is illustrated, in Figures 1 — 3, an embodiment
of a power head 110 of the present inventions disposed in a subterranean wellbore 105. In
Figure 1, the power head 110 is illustrated in the closed position and, in Figure 2, it is
illustrated in the open position. Alternative embodiments of a power head 110 are capable of
comprising various other portions or segments as may be required for a particular drilling
scheme or drilling procedure. In various embodiments, further drill string subs or parts are

connected as well, such as an upper sub (an example of which is shown in Figure 4).

[0032] In various embodiments, power head 110 comprises a tubular member 25
which defines an axially extending flow path 102 and vent ports 150 in the wall of the tubular
member 25. Tubular member 25 has means, such as threads, on its ends for connecting the
power head in fluid communication in a tubing string. The power head 110 further comprises a
valve assembly 30 located in the tubular member 25 to axially slide therein between an open
position and a closed position. In general, when the closed position vent ports 150 are blocked,
there is no communication between the interior of the power head and the tubing annulus of the

wellbore 105. In the open position, the vent ports 150 are open.

[0033] The body of the valve assembly 30 comprises an upper member 142, at least
one eductor 155 and a deflector base 175. Valve assembly 30 has a spherical actuator ball valve
seat 132 surrounding axially extending passageway 156. It is noted that the valve seat 132 is
downstream of bypass port line 115 and upstream of the suction chamber 124. Eductor jet
nozzles 122 are removably mounted (threaded) into the upper member 142 with eductor tubes
155 aligned with the eductor jet nozzles 122. The open space below the nozzles forms a suction
chamber 124. In the preferred embodiment, six eductors are present, but it is only necessary to
have at least one eductor for the power head to function. As illustrated, the eductors utilize not
only a smooth convergent profile but also in the preferred embodiment the convergent profile is
combined with a smooth divergent profile. These profiles are advantageous with well fluids
containing solids. Deflector base 175 has an axially extending fluid flow passageway 162 and

a tapered upper surface 164. Deflector base is mounted to axially slide or shift in tubular

6
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member 25 with the upper member 142. In Figure 1, the deflector base 175 is shown in the
closed position with flow through the ports 150 blocked and flow through eductor tubes 155
blocked. A pair of axially spaced seals 158 is mounted in the deflector base 175 to seal with
the interior wall of the tubular member 25 to isolate vent ports 150 from fluid flow path 102.

In various embodiments, at least a portion of eductor jet nozzles 122 is coated.

[0034] The eductor tubes 155 are clamped between the upper member 142 and
deflector base 175 by bolts 211 (illustrated in Figure 3) extending between the base and upper
member. In this embodiment, the eductors can be easily removed for service. In addition, the
power head can be customized for the particular application by changing the length and shape
of the eductors and nozzles. The assembly of upper member 142, eductors tubes 155 and
deflector base 175 can be releasably held in place in the tubular member 25, in the closed or
open positions by shear pins 176 or detents (not illustrated) or the like. In various

embodiments, valve assembly 30 forms an interference fit in the tubular member 25.

[0035] Bypass port lines 115 may generally be in an orientation extending from the
interior flow path 102 to eductor jet nozzles 122. In an embodiment, bypass port 115 opens at
about a ninety (90) degree angle from the fluid pathway. In an alternate embodiment, the
bypass ports open at about a 120 degree angle from the fluid pathway. In an alternate
embodiment, the bypass ports open at about a 135 degree angle from the fluid pathway. In an
alternate embodiment, the bypass ports open at about a 150 degree angle from the fluid pathway.
In an alternate embodiment, the bypass ports open at an angle less than about a 150 degree
angle from the fluid pathway. Generally, any angle not overly impeding the fluid pathway is

acceptable.

[0036] Valve seat 132 is adapted to receive an actuation ball or ball-shaped valve
element 120 (shown in Figure 2). In various embodiments, the ball-shaped valve element 120
is released from the well head above power head 110 into the fluid pathway and into inner
axial passageway 156. It is understood that other shaped valve element could be used, it
only being important that the valve element mate with the seat to block flow through
the seat. Commonly, ball 120 is released from or about the surface. However, other
mechanisms for storing and/or releasing ball 120 are capable of use with varying embodiments
of the present inventions, such as a shelf or perch above valve seat 132. When ball 120 is seated

7
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on valve seat 132, fluid pathway 147 through axial passageway 156 is blocked and fluid is
pumped down the tubing string into the power head 110 which is diverted into bypass port lines
115 and through eductor jet nozzles 122. In various further embodiments, a shear pin 176
maintains power head either in a closed or an open position. In general, in the closed position
there is no communication between the interior of the power head and the tubing annulus of the

wellbore 105.

[0037] As explained, when ball 120 is seated on valve seat 132, well fluid flowing in
the tubing string is blocked from flowing through axial passageway 156. As the fluid pressure
builds up, valve assembly 30 shears pins 176 and shifts or is forced down to the open position
illustrated in Figure 2. This moves deflector base 175 below vent ports 150, opening the

eductor discharge to the annulus of tubular member 25.

[0038] In the open position, well fluid is diverted into and through eductor jet
nozzles 122. In various embodiments, the eductor tubes 155 and eductor jet nozzles 122
can take on many shapes, volumes and/or lengths. Well fluids flowing through the eductor jet
nozzles 122 provide power for the eductors by increasing the velocity and lowering the pressure
of the flowing well fluid. As a result, a partial vacuum is created in the suction chamber 124. The
well fluid passes through the suction chamber, entraining the fluids in the suction chamber.
Friction between the well fluids causes the suction chamber to be evacuated. This allows the
lower pressure in the suction chamber to “pull” or pump additional fluid up into the suction
chamber from the portion of the fluid passageway 162 below the ball valve 120. The passage of
the pressurized fluid through the eductor jet nozzles 122, into the suction chamber 124 and
through the eductors tubes 155 creates a suction in the suction chamber (Venturi effect), such
that any well fluid in the tubing string below the power head will be drawn into the chamber
along fluid passageway 162 and thence into the eductors tubes 155 along with the fluid from the
eductor jet nozzles 122. The mixture then passes along fluid flow path or fluid pathway 109
through the smooth walled diverging taper of the eductors where the kinetic energy of the fluid is
converted back to pressure. The combined fluid then leaves the eductor and is directed into the

wellbore along flow path 112.

[0039] In various embodiments, there are one or more eductors arranged
circumferentially surrounding fluid passageway 162. In alternate embodiments, there are

8
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multiple eductors arranged radially symmetrically around fluid passageway 162. In an
embodiment, there are at least two (2) eductors surrounding fluid passageway 162. In an
alternate embodiment, there are at least three (3) eductors circumferentially surrounding fluid
passageway 162. In an alternate embodiment, there are at least four (4) eductors surrounding
fluid passageway 162. In an alternate embodiment, there are at least five (5) eductors
surrounding fluid passageway 162. In an alternate embodiment, there are at least six (6) jets
surrounding fluid passageway 162. In an alternate embodiment, there are at least seven (7)
eductors surrounding fluid passageway 162. In an alternate embodiment, there are at least eight
(8) eductors surrounding fluid passageway 162. In general, any number of eductors can be used

to optimize the vacuum effect and/or the eductor effect and/or the pressure differential effect.

[0040] In general, in a method of operation, and referring to Figure 1, drilling
fluid is circulated through power head 110 along fluid flow path 102. When power head 110 is
in a closed position, drilling fluid flows from flow path 102 through flow passageway 162 to
the bit or mill at the bottom of the string. During milling operations or when cutting and/or
debris removal is desired, ball 120 is dropped to seat against valve seat 132 (as shown in
Figure 2). Continued pumping of drilling fluid increases the pressure in tubular member 25
wherein the valve assembly 30 is urged to slid downhole until eductor discharge is aligned with
vent port 150 whereby the drilling fluid is allowed to flow into the annulus of the wellbore by
redirecting the fluid flow path from flow path 102 to flow path 112. As described, flow through
the eductor jet nozzles 122 and eductor tubes 155 causes fluids to flow up the tubing string from

below the power head 110 along fluid flow pathway 102 and into the suction chamber 124.

[0041] In various embodiments, eductor tubes 155 are tapered. In wvarious
embodiments, an induced flow is possible through circulation and/or recirculation. In an
embodiment, eductor tubes 155 are divergent to induce flow of drilling fluid. In an alternate
embodiment, eductor tubes 155 are convergent to induce flow of drilling fluid. In an alternate
embodiment, eductor tubes provide convergent and divergent surfaces to induce flow of drilling
fluid. In an alternate embodiment, eductor tubes 155 have multiple regions of convergent and
divergent flow to induce flow of drilling fluid. In general, regions of varying convergence and

divergence can be used in an embodiment of the present inventions.
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[0042] In various embodiments, drilling fluid flow path 109 along the eductor
axis through eductor tubes 155 is substantially parallel to fluid flow path 102. In various
alternate embodiments, drilling fluid flow through eductor tubes is about parallel to fluid flow
path 102. In general, drilling fluid flow 109 through eductor tubes 155 is directionally related to
fluid flow path 102.

[0043] At least a portion of the redirected drilling fluid flows at high pressure along
fluid flow path 109 and generally decreases in pressure through suction chamber 124 into flow
path 109. In general, the pressure in a fluid flow path of the present inventions is dependent
upon the volume and/or surface area of the flow path. In general, pressure differential capable
with various embodiments of the present inventions can be used to lift the debris and/or cuttings

and/or other items.

[0044] Figure 3 is an illustration of a cut of Figure 2 along line 3-3. As can be

seen, a plurality of bolts 211, jets 122 and eductor tubes 155 surround pathway 102.

[0045] Figure 4 illustrates an embodiment of a debris collection assembly 330 to be
used with a power head of the present inventions and comprises a knock-out 340, a tubular
collection chamber or basket 360, and a lower sub (or nipple) 335 threaded onto the bottom
of basket 360. A removable assembly 362, comprising faceplate or base 336, second or
inner pipe 372, and stabilizers 341, is located in the collection chamber or basket 360.
Removable inner pipe assembly 362 is held in place between lower sub 335 and basket 360.
Inner pipe 372 has an opening 345 at its upper end through which fluid flows into the
chamber 360. Inner pipe 372 preferably has an open end but may take other configurations,
such as a plurality of openings about the upper end of the inner pipe. According to a feature
of the present inventions, the lower sub can be detached and pipe assembly 362 removed to

flush out the debris collected in the basket 360.

[0046] First chamber 338 and a screen cage 339 comprise an upper assembly 310
and are located above the second or inner pipe assembly 362. Further embodiments comprise a
tubular passage 368 and/or extension portion 371. When the power head is in the open position
(recirculation mode), fluid flows up into debris collection assembly 330 along fluid pathway 301

and into inner pipe 372. Commonly, the drilling fluid flowing into inner pipe 372 is laden with

10
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debris and/or cuttings that need to be separated from the drilling fluid. The drilling fluid passes
up second inner pipe 372 and across knock-out 340. Knock-out 340 causes larger debris
and/or cuttings to fall into collection chamber or basket 360. Fluid and smaller debris pass
through the openings or passageways 364 in the knock-out 340. In one embodiment of a
debris collection assembly 330 for use in conjunction with a milling operation, debris
collection assembly 330 can be lengthened or repeated, depending upon the length of casing in

which the wellbore operation is to be performed.

[0047] The drilling fluid will continue to flow up past debris collection assembly 330
along fluid pathway 306 into a power head of the present inventions. In various embodiments,
the drilling fluid passes across a screen cage 339 to remove further debris and/or cuttings. In
various embodiments, at least a portion of the cleaned drilling fluid will be circulated back into

the wellbore for drilling operations.

[0048] Figures 5 and 6A illustrate an alternate embodiment of a power head
225, comprising housing 226 with a valve assembly 228 mounted therein. Housing 226
comprises an annular shoulder on 226b, a reduced internal diameter portion 226a with vent ports
250 therein. The valve assembly 228 comprises a three-piece upper member 234, eductors 255
and base deflector 230 held together by bolts 211. The upper member 234 comprises a ball
guide 234a, valve section 234b and eductor stabilizer 234c. The ball guide 234a comprises valve
seat 232 and mounts eductor jets 222. When the power head is moved to the open position,
illustrated in Figure 6A, shoulder 236 on deflector 230 engages reduced internal diameter

portion 226a to properly align the valve assembly 228 with the vent ports 250.

[0049] In Figure 6B, an alternative embodiment of power head 225 is illustrated in
the actuated position. In this embodiment, a second valve assembly 250 is mounted in housing
226 above valve assembly 338 and bypass ports 252 are formed in the wall of housing 226.
Valve assembly 250 comprises a valve body 254 and annular seals 256, sealing against the inner
wall of housing 226. A valve seat 258 is formed on body 224 around axial passageway 260.
The seat is of a size and shape to receive a valve element, in the illustrated embodiment, a ball
262. The passageway 260 is of a size and shape to allow ball 220 to pass therethrough. Body
254 is mounted in housing 226 to axially slide in the forward and reverse direction of arrow D.
In use, the second valve assembly can be placed in the well in the run position (not shown) , i.e.,

11



WO 2011/091157 PCT/US2011/021899

with valve body 254 raised to a position blocking flow through ports 252. A shear pin or the like
can be used to hold valve body 254 in the raised position. When it is necessary to block flow
through the power head 225 and open ports 252, a large valve element (actuator ball 264) is
pumped onto seat 258 and valve body 254 is forced to slide down to the actuated position
illustrated in Figure 6B. The valve assembly 250 can be used circulate well fluids either into or
out of the tubing string through ports 252. Valve assembly 250 allows the power head 225 to be

lowered into the well in the open condition and then disabled by actuating valve assembly 250.

[0050] Figure 7 is a sectional expanded view of an alternate embodiment of a
modular debris collection apparatus 500 with a check valve 532 capable of use with various
embodiments of the present invention. In general, a first debris collection portion 510,
comprising an inner pipe 512 and an expanded region 515, is used to remove larger debris from
the drilling fluid. As drilling fluid flows up, inner pipe 512 expands into region 515 and

releases a portion of its accumulated debris into collection chamber 517.

[0051] Eventually, collection chamber 517 fills and requires cleaning. Various
embodiments of the present invention utilize a handling sub 520 with an indented portion 522
to be grasped by existing tongs and/or tools on the drill site. As such, sub 520 can be
disconnected from a drill string and collection chamber 517 separated and emptied, thus

saving valuable drill time.

[0052] A unique sand sub 530 for removing particulate matter, such as, but not
limited to, sand and proppant, can be attached to various embodiments of the present invention
for enhancing well cleanout procedures. Sand sub 530 generally comprises a mesh 539, an
inner pipe 572, a debris collection chamber 537, a base plate 534, and a check valve 532. Check
valve 532 can be constructed to be open during reverse flow and closed during normal
circulation. Various further embodiments comprise ports (not shown) to allow operation during

normal circulation.

[0053] Figure 8 is an illustration of an alternate check valve capable of use with
various embodiments of a sand sub 630 of the present inventions, comprising an elongated

debris collection chamber 637, a check valve 632, a mesh 639, an inner pipe 672 and a base plate

12
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634. In general, fluid is selected to flow during circulation and/or reverse circulation around

check valve 632.

[0054] A further alternative embodiment of the debris collection assembly 700 of the
present inventions is illustrated, made up in a tubing string 702 (consisting of drill pipe), in
Figures 9 and 10. Tubing string 702 has an internal passageway 703 communicating with the
debris collection assembly. Debris collection assembly 700 comprises: power head assembly
704, drill pipe screen 706, upper handling section 708, screen assembly 800, lower handling
section 712, and knock-out assembly 900. Nipples 710, 714 and 722 are included to adapt
threads and close off the bottom of the assemblies. While in the illustrated configuration,
assembly 700 includes, for example, only one of each component. It is envisioned that more
than one knock-out screen could be assembled in series if needed. It should be noted that the
handling sections are of the same configuration (size and shape) as the drill pipe allowing the
handling sections of assembly 700 to be grasped and manipulated by the same tongs and/or
tools on the drill rig or service rig as those used on the drill pipe. The handling sections have
a length that, when assembled with one of the filter or knock-out assemblies, can be handled
like a section of drill pipe. For example, the combined length of handling section 712 is
selected such that when connected to knock-out assembly 900 and nipple 722, the resulting
assembly is about 30 feet long, allowing it to be made up on the a pipe rack or retrieved from
the well, placed on the pipe rack and disassembled and emptied without tying up rig
equipment. Similarly, the combined length of handling sub or section 708 is selected such
that when attached to the filter screen assembly 724 and nipple 712, the resulting assembly is
about 30 feet long and can be handled as a single length of pipe. The same is true of the
length of assembled power head tool 704 and drill pipe screen 706. The debris collection
assembly 700 can have a 90 foot length, allowing the assembly to be handled like three

sections of drill pipe.

[0055] Power head 704 can have any of the configurations described herein.
Power head 704 is connected to a section of drill pipe 702 and its passageway 703.
Discharge ports 716 are opened by flowing an actuation ball 718 onto a seat in the power
head 704. Ball 718 also diverts flow from the drill pipe 702 through eductors 720 and out

ports 716 into the annulus formed between the debris collection assembly 700 and the

13



WO 2011/091157 PCT/US2011/021899

wellbore wall. The eductors 720 create a low pressure area which in turn causes well fluids
to flow into the bottom of tubing string 702 and up passage 703 through knock-out assembly
900 and screen assembly 800. Debris is removed from the well fluid in the knock-out 900

and screen 800 assemblies.

[0056] Details of screen assembly 800 are illustrated in Figures 11 and 13. The
screen assembly 800 comprises a cylindrical housing 810 which is externally threaded at its
lower end 812 to connect with the lower handling section 712 and internally threaded at its
upper end 814 to connect with upper handling section 708. In this embodiment, the nipple
714, shown in Figure 10, is eliminated. A base 840 is mounted at the lower end of the
screen assembly 800 and is held in place between opposed annular shoulders 816 and 818.
The base 840 is in the shape of a flat washer with a central flow passage 842 extending there
through. An inner velocity tube 820 is mounted on and extends axially from base 840. Inner
velocity tube 820 has a cylindrical shape and of a size to fit around the perimeter of central

flow passage 842. The upper end 822 of velocity tube 820 is open.

[0057] A cylindrical screen 830 extends from the base 840 and forms an annulus
832 around inner velocity tube §20. In the present embodiment, screen 830 is illustrated as a
wire wound screen but it is envisioned that the other types of debris screens could be used.
A second annulus 834 is formed between the housing 810 and screen 830. A cap 860 closes
off the upper end of cylindrical screen 830. A plurality of axially extending spacers 850 are

attached to the outside of screen 830 to provide support.

[0058] A pop off valve 870 is mounted in cap 860. Details of the pop off valve
870 are illustrated in Figure 13. Pop off valve 870 comprises a valve element 872, a valve
stem 874, a compression spring 876 and a valve cage 878. As illustrated, the spring 876
urges the valve element 872 against the cap 860 to close off the top of the filter §830. When
the filter 830 becomes loaded with debris, fluid pressure inside the filter 830 will overcome
the spring 876 and lift the valve element 872 away from the cap 860 allowing fluid to bypass
the filter 830. As illustrated, the force exerted by spring 876 and valve element 872 can be
adjusted by turning the nut 879 on the threaded stem 874.
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[0059]  Under normal operation, well fluids containing debris flow into the screen
assembly 800 through tube 820. Flow entering the annulus 832 is filtered by flowing
through the screen 830 and into the annulus 834. As well fluids are filtered, debris
accumulates in the annulus 832, and the filter flow exits the screen assembly 800 via the
upper handling section 708. According to a feature of the present invention, when the lower
handling section 712 (nipple 714) is disconnected from the housing 810, the assembly of the
base 840, tube 820 and screen 830 can be axially removed from the housing 810 for cleaning

or repair.

[0060] Details of knock-out assembly 900 are illustrated in Figures 12 a and b.
Knock-out assembly 900 comprises a cylindrical housing 910 which is externally threaded at
its lower end 912 and internally threaded at its upper end 914. An inner velocity tube 920
extends axially from and is connected to base 930. Tube 920 creates a debris collecting
annulus 926 with the interior of housing 910. Base 930 is mounted between opposed
shoulders on the housing 910 and nipple 722. The stabilizers 922 are mounted on the outside
of tube 920 to center it in the housing 910. A porous deflection cone (or “knockout™) 940 is
mounted above the opening end 924 of tube 920. Passageway 932 communicates with the
interior of tube 920. In operation, well fluids enter the knock-out assembly 900, or are
discharged from the velocity two 920 toward the deflection cone 940 where larger debris is
deflected radially to fall back into the annulus 926. Knock-out assembly 900 can be simply
removed by unthreading nipple 722.

[0061] According to a particular feature the present invention, the screen and
knock-out assemblies can be extended in length or multiple assemblies can be used in
conjunction with one another, depending on the conditions present at a well site. If
additional quantities of debris are anticipated, then the knock-out section can be extended in
length. As illustrated in Figure 12b, housing 910 uses a mating threads 910a to add a second
housing section 910b. Velocity tube 920d is added to tube 920 by using two collars 920a and
920c in and a sort section of tube 920b. In this manner, one or more sections can be added to
the knock-out assembly 900 to accommodate larger volumes of debris. In a similar manner,

the screen assembly 800 can be extended as required.
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[0062] In use, the nipples of the various assemblies can be connected and
disconnected away from the well rig, such as at a pipe rack, utilizing power hand tools such
as chain power tongs and pipe wrenches or horizontal bucking unit. For example, nipple 722
is attached or removed to assemble or dissemble knock-out tool 900 with power hand tools
and does not require the use of the rig floor equipment. For example, when disassembly of
knock-out tool is desired for cleaning, the makeup torque for the nipple can be broken out (or
made up) as the tool is removed from (or inserted in) the well using the power tongs on the
rig floor and the nipple removed and the knock-out tool cleaned on the pipe rack without
tying up the rig. The same is true of nipple 714 and filter screen assembly 800. After
placing the various tool assemblies in a drill string and lowering into a wellbore, the tools are
used as described herein. When the tool assemblies are removed from the wellbore, they are
uncoupled or disconnected from the tubing string utilizing the rig. As explained above, the
assemblies are designed to be removed from the well like a section of pipe. A combined
assembly of nipple 722, knock-out assembly 900 and handling sub 712 is removed as a unit
from the string. The entire unit can then be placed away from the rig, such as, on a pipe rack
or other location, thereby freeing the rig for other uses. Nipple 722 is then removed utilizing
power hand tools rather than the rig equipment. The removable faceplate, inner tube and
stabilizers are then easily cleaned. Similarly, the screen filter assembly and power head
assemblies can be uncoupled from the drill or pipe string, removed to a pipe rack or other
area, and then dissembled for cleaning. The terms “nipple” and “lower sub” and the like, as
used herein, indicate a section of tubular having a flow passage therethrough and removably
attachable to an end of a tool housing, such as, for example, nipples 714 and 722, and lower

sub 301.

[0063] While particular embodiments of the inventions have been shown and
described, numerous variations and alternate embodiments will occur to those skilled in the
art. Accordingly, it is intended that the inventions be limited only in terms of the appended

claims.

[0064] The inventions may be embodied in other specific forms without departing
from the present inventions as the disclosed examples are only illustrative and not restrictive.

The scope of the inventions is, therefore, indicated by the appended claims rather than by the
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foregoing description. All changes to the claims that come within the meaning and range of
equivalency of the claims are to be embraced within their scope. Further, all published
documents, patents and applications mentioned herein are hereby incorporated by reference, as if

presented in their entirety.
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Claims

What is claimed is:

1. A wellbore tool adapted to be lowered into a wellbore on a tubing string, the tool
comprising:

an elongated tubular member open at both ends with the upstream end adapted for
connection to the tubing string, an interior fluid passage extending from the upstream end
of the tubular member to the open lower end of the tubular member, a discharge port in
the wall of the tubular member extending between the interior fluid passage and the
exterior of the tubular member;

a valve body mounted in the tubular member to axially move in the tubular
member between a closed position, blocking flow through the discharge port and an open
position permitting flow through the discharge port, the valve body having a valve fluid
passage extending through the valve body and an eductor passage extending to the
discharge port only when the valve is in the open position; and

an upstream facing valve seat on the valve body surrounding the valve fluid
passage, the seat being of a size and shape to receive a valve element to block flow
through the valve fluid passage to shift the valve body to the open position.

2. The tool of claim 1 wherein the eductor has an input, suction and output; an input fluid
passage in the valve body connecting the eductor input with the interior fluid passage; a suction
passage in the valve body connecting the eductor suction with the interior fluid passage; and an

output passage in the valve body connecting the eductor output in fluid communication with the
discharge port when the valve body is in the open position.

3. The tool of claim 1 additionally comprising a shear pin holding the valve body in the
open position.

4. The tool of claim 1, where in the tubular member is cylindrical and the fluid passage is
centrally located.

S. The tool of claim 1, wherein a plurality of eductors are mounted in the body
circumferentially spaced around the fluid passage.

6. The tool of claim 1, wherein the valve seat is semispherical.

7. The tool of claim 1 additionally comprising a valve element, engaging the seat and
blocking flow through the fluid passage.

8. The tool of claim 7, wherein the valve element is spherical shaped.
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9. The tool of claim 1, wherein the input passage is in fluid communication with the interior
fluid passage at a point upstream of said valve seat.

10.  The tool of claim 1, wherein the suction passage is in fluid communication with the
interior fluid passage at a point downstream of the valve seat.

11. The tool of claim 1, wherein the eductor comprises a nozzle axis parallel to the interior
fluid passage.

12. The tool of claim 1, wherein the eductor is a jet pump.

13. The tool of claim 1 further comprising a debris catcher connected to the lower end
of the tool.

14. The tool of claim 13 wherein the debris catcher comprises an elongated tool housing

having an interior passageway for flow of well fluids through the housing, the housing having an
inlet and an outlet, the housing adapted for connection in a tubing string; an elongated screen
member positioned in the housing, defining a first annulus between the housing and the screen
member; and an inner tube in fluid communication with the housing inlet, the inner tube
positioned within the screen member and defining a second annulus between the inner tube and
the screen member, one end of the inner tube in fluid communication with the housing inlet, the
inner tube for directing fluid flow from the housing inlet into the first annulus for capturing
debris from the fluid.

15. The tool of claim 13 wherein the debris catcher comprises an elongated housing defining
an interior passageway, a knock-out member, and a removable subassembly; the knock-out
member positioned proximate an upper end of the elongated housing and operable to direct
debris in the well fluid into the annulus between the inner tube and housing; and the removable
subassembly comprising an elongated inner tube positioned within the housing, thereby defining
an annulus between the inner tube and housing, a faceplate removably attached to the housing,
the faceplate for blocking fluid flow from the lower end of the annulus between the inner tube
and housing, the faceplate having an inlet passage therein for directing fluid flow into the interior
of the inner tube.

16.  The tool of claim 1, wherein the valve body comprises:
a central fluid passage extending through said valve body center;

a plurality of eductors located exterior of the central fluid passage and extending
in parallel fluid relationship through the valve body;

a nozzle in the eductor passage of a size and shape to create a low pressure zone
when fluid passes through the eductor passage; and
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the valve body is mounted in the tubular member to shift axially in the tubular
member between a position blocking fluid flow through the discharge port and a position
connecting the tubular member port to the eductors.

17. A method for using a flow tool to create a debris containing flow from the wellbore into a
debris catcher assembled below the tool in a tubing string, the method comprising the steps of:

providing a flow tool have an internal passage open at both ends of the tool and an
eductor passage;

connecting the tool to a tubing string with the internal passage in fluid
communication with the tubing sting;

connecting a debris catcher in the tubing string below the flow tool;

positioning the tubing string in the wellbore and pumping well fluids down the
tubing string to flow through the flow tool and into the debris catcher;

thereafter, blocking the internal passage;
opening a discharge port in the wall of the tool; and

flowing fluids through the eductor passage, through the discharge port into and
down the wellbore along the flow tool annulus and into the debris catcher.

18.  The method of claim 17 additionally comprising the step of axially moving a valve body
from between a first position, blocking flow through a port in the wall of the tool and wherein all
fluid entering the tool flows through an internal passage in the tool and into the debris catcher
and a second position wherein all the flow is directed through the eductor passage and a port in
the wall of the tool.

19.  The method of claim 17 wherein the moving step additionally comprise pumping well
fluids through the eductor passage and into the wellbore while creating flow into the debris
catcher.

20. The method of claim 17 wherein the blocking step comprises engaging a movable valve
element with an upward facing valve seat surrounding the internal passage to divert flow from
the tubing string into the eductor passage.

21.  The method of claim 20 additionally comprising flowing fluids from the eductor input to
the eductor output to create a low pressure at the eductor suction port to cause fluids to flow from
the internal passage into the eductor passage.

22, The method of claim 17 wherein the step of opening a discharge port in the wall of the
tool comprises engaging a movable valve element with a upward facing valve seat surrounding

the internal passage to block flow to axially shift a member from blocking the discharge port.
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23. The tool of claim 1 additionally comprising a bypass port in the wall of the tubular
member, a second valve body mounted in the tubular member to axially move in the tubular
member between run position blocking flow through the discharge port and an actuated position
blocking flow through the valve fluid passage and the discharge port while permitting flow
through the bypass port.
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