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A method and apparatus for selectively actuating a dual check valve assembly within a well for a direct circulating operational mode
or a reverse circulating operational mode. A tubular housing which may be connected to well tubing Is provided with a check valve
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assembly and may be provided with a rotatable J-slot mode indexing sleeve having an internal J-slot geometry. An inner tubular
member which also may be connected to well tubing Is linearly movable within the tubular housing to a valve open position, an
Indexing position and a valve enabled position being controlled by the J-slot geometry of the J-slot indexing sleeve or being
controlled by moving the inner tubular element and resisting movement of the tubular housing. Relative positioning of the inner
tubular member and the tubular housing to selective valve mode positions may also be achieved responsive to fluid flow, by
mechanical compression, or by motion operation.
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ABSTRACT OF THE DISCLOSURE

A method and apparatus for selectively actuating a dual check valve assembly within a
well for a direct circulating operational mode or a reverse circulating operational mode. A
tubular housing which may be connected to well tubing is provided with a check valve assembly
and may be provided with a rotatable J-slot mode indexing sleeve having an internal J-slot
geometry. An inner tubular member which also may be connected to well tubing is linearly
movable within the tubular housing to a valve open position, an indexing position and a valve
enabled posiﬁon being controlled by the J-slot geometry of the J-slot indexing sleeve or being
controlled by moving the inner tubular element and resisting movement of the tubular housing.
Relative positioning of the inner tubular member and the tubular housing to selective valve mode

positions may also be achieved responsive to fluid flow, by mechanical compression, or by

motion operation.
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TITLE: SELECTIVE DIRECT AND REVERSE CIRCUILATION
| CHECK VALVE MECHANISM FOR COILED TUBING
BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates generally to check valve systems that are typically
required by industry standards for coiled tubing well interventions. More specifically, the
present invention concerns a check valve system having the capability of being controlled by
selective mechaniéal cycling movement or flow responsive movement of tool components to
permit controlled selection of a direct circulating flow mode or a reverse circulating flow
mode, thus permitting the check valve tool to assist in the pérformance of servicing
operattons such as sand cleanout or well flow up a section of, or the eﬁtire, colled tubing
string.

Description of Related Art

Itisa safety standard in coiled tubing operations to have a check valve with a

minimum of two presSure barriers in the toél string. In many coiled tubing operations, such |

as fracturing and well cleanout operations, it is desirable to reverse circulate through the
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coiled tubing. Reverse circulating (flowing upwardly within

the passage of the coiled tubing, instead of downwardly) 1s

not possible when conventional dual check valves are

employed.
BRIEEF SUMMARY OF THE INVENTION

According to one aspect of the present invention,
there i1is provided a method for tubing check valve operation,
comprising: running a check valve assembly having at least
one check valve 1nto a well to a desired depth with a tubing
string connected thereto, said check valve assembly having a
tubular housing and an inner tubular member having at least

a portion thereof movable within said tubular housing,

wherein said tubular housing defines a lower end for tagging
contact with material located within the well and a spring
is disposed in spring force application with said tubular
housing and said inner tubular member for normally urging
said inner tubular member to said first position relative to
said tubular housing; wherein'said method further comprises
running said check valve assembly into the well until
tagging contact with said material is established; applying
a downward force on said inner tubular member with said
tubing string and overcoming said spring force and moving .
said inner tubular member downwardly from said first
position to an indexing position relative to said tubular
housing; and reducing said downward force on said inner
tubular member and allowing said spring force to move said
inner tubular member from said indexing position to said
second position relative to said tubular housing; wherein é
J-slot 1s configured on one of said tubular housing and said
inner tubular member and defines an indexing slot geometry
and a J-pin projects from the other of said tubular housing

and said inner tubular member and is received in guided
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relation within said J-slot geometry, éaid J—-slot geometry
establishing said first and second positions and an indexihg
position between said first and second positions, said
method further comprising initiating actuation of said at
least one check valve with said tubular housing and said
inner tubular member at a selected one of said first and
second positions as determined by said J-slot geometry;
relatively linearly moving said tubular housing and said
inner tubular member from said selected position to said
indexing position as determined by said J-slot geometry and
positioning of said J-slot and said J-pin; and relatively
linearly moving said tubular housing and said inner tubular
member from said indexing position to another selected one
of saild first and second positions as determined by said J-
slot geometry and positioning of said J-slot and said J-pin;
selectively establishing a first condition for said check
valve assembly permitting direct circulation flow
therethrough and preventing reverse circulation flow of
fluid from the well through said check valve assembly;
selectively establishing a second condition for sald check
valve assembly with said at least one check valve positioned
for permitting both direct circulation flow and reverse
circulation flow therethrough, wherein said selectively

establishing said first and second conditions comprises

moving salid inner tubular member to a first position within

sald tubular housing permitting opening and closing of said

at least one check valve and moving said inner tubular

member to a second position maintaining said at least one

check valve open; and selectively restoring said check valve

assembly to said first condition.

According to another aspect of the present

invention, there is provided a method for tubing check valve

operation, comprising: running a check valve assembly
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having at least one check valve into a well to a desired
depth with a tubing string connected thereto, said check
valve assembly having a tubular housing and an inner tubular
member having at least a portion thereof movable within said
tubular housing; selectively establishing a first condition
for said check valve assembly permittihg direct circulation
flow therethrough and preventing reverse circulation flow of
fluid from the well through said check valve‘assembly;

selectlvely establishing a second condition for said check
valve assembly with said at least one check valve positioned
for permitting both direct circulation flow and reverse

circulation flow therethrough, wherein said selectively

establishing said first and second conditions comprises
moving sald inner tubular member to a first position within
said tubular housing permitting opening and closing of said
at least one check valve and moving said inner tubular
member to a second position maintaining said at least one
check valve open; and selectively restoring said check wvalve
assembly to said first condition, wherein a J-slot indexing
mechanism controls relative positioning of said tubular
housing said inner tubular member and a compression spring
1s in force applying assembly with said tubular housing and
said 1nner tubular member and sand fill is present within
the well to a desired depth, said method further comprising:
moving said check valve assembly downwardly Qithin the well
untll the sand fill is contacted by said tubular housing;
applying a downward force on said inner tubular member for
continuing downward movement of said inner tubular member
relative to said tubular housing causing compression of said
compression spring and causing valve actuating cycling of
sald J-slot indexing mechanism; and relaxing the downward
force on said inner tubular member, permitting said

compression spring to move said inner tubular member

—2b-
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upwardly relative to said tubular housing causing valve

actuating cycling of said J-slot indexing mechanism.

According to still another aépect of the present
invention, there is provided a method for tubing check valve
operation, comprising: running a check valve assembly
having at least one check valve into a well to a desired
depth with a tubing string connected thereto, said check
valve assemply having a tubular housing and an inner tubular
member having at least a portion thereof movable within said
tubular housing; selectively establishing a first condition
for said check valve assembly permitting direct circulation
flow therethrough and preventing reverse circulation flow of
fluid from the well through said check valve assembly;
selectively establishing a second condition for said check
valve assembly with said at least one check valve positioned
for permitting both direct circulation flow and reverse
circulation flow therethrough, wherein said selectively
establishing said first and second conditions comprises
moving said inner tubular member to a first position within
said tubular housing permitting opening and closing of said
at least one check valve and moving said inner tubular
member to a second position maintaining said at least one

check valve open; and selectively restoring said check valve

assembly to said first condition, wherein a flow orifice is
located within said inner tubular member and defines a
pressure responsive piston area, a tubular valve housing
within said tubular housing supports said at least one check
valve for opening and closing movement, a compression spring
is in force transmitting relation with said tubular housing
and said 1nner tubular member and relative movement of said
tubular housing and said inner tubular member is reSponsivé
to flow induced force developed by pressure differential

across said flow orifice and a J-slot indexing mechanism

_Zc._
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controls relative valve mode positioning of said tubular
housing and said inner tubular member responsive to linear
cycling movement of said tubular housing and said inner
tubular member, said method further comprising: with said
check valve assembly positioned at a selected depth within
the well, causing fluid flow through said tubing to said
check valve assembly and through said flow orifice, causing
development of a pressure differential across said orifice
acting on said pressure responsive piston area and
developing a downward resultant force on said inner tubular
member 1n opposition to said force of said compression
spring and moving said inner tubular member downwardly
relative to said tubular housing and moving a portion of
salid inner tubular member into said tubular valve housing
for retaining said at least one check valve open for
defining a reverse circulating flow path through said check
valve mechanism; and for restoring said check valve
mechanism for direct circulation flow only, reducing said
fluid flow through said orifice for diminishing said flow
responsive resultant force on said inner tubular member and
permitting spring force movement of said inner tubular
member relative to said tubular housing sufficiently to
withdraw said portion of said inner tubular member from said
tubular valve housing and thus enable said at least one

check valve for direct circulating flow only.

According to yet another aspect of the present
invention, there is provided a tubing connected check wvalve
mechanism for wells, selectively actuatable for direct
circulation flow and reverse circulation flow, comprising:
a tubular housing having at least one Check valve therein
having a first valve position permitting only direct
circulating flow therethrough and a second valve position

permitting reverse circulating flow of fluid therethrough;

-2d-
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an 1lnner tubular member linearly movable relative to said
tubular housing and having a first position within said
tubular housing permitting opening and closing of said at
least one check valve and a second position within said
tubular housing maintaining said at least one check valve
open and permitting reverse flow circulation through said at
least one check valve; an actuating system for imparting
upward and downward cycling movement of said inner tubular
member relative to said tubular housing; and a position
indexing mechanism located within said tubular housing and
selectively actuatable to select check valve controlling
positions of said inner tubular member relative to said
tubular housing, wherein said actuating system comprises
tubing connected to said inner tubular member and extending
to the surface of a well, said tubing being moved linearly
upwardly or downwardly for upward or dbwnward movement of
sald inner tubular member; a drag support mandrel defined by
said tubular housing; and at least one frictional member
movably supported by said drag support mandrel and having a
first portion thereof in movable engagement with said drag
support mandrel and a second portion thereof in frictional
engagement with a well tubular or borehole wall retarding
linear movement of said tubular housing as said inner

tubular member is moved.

According to a further aspect of the present
invention, there is provided a tubing connected check valve
mechanism for wells, selectively actuatable for direct
circulation flow and reverse dirculation flow, comprising:
a tubular housing having at least one check Valve thereiln
having a first valve position permitting only direct

circulating flow therethrough and a second valve position

permitting reverse circulating flow of fluid therethrough;.

an inner tubular member linearly movable relative to said

—-26-
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tubular housing and having a first position within said
tubular housing permitting opening and closing of said at
least one check valve and a second position within said
tubular housing maintaining said at least one check valve
open and permitting reverse flow circulation through said at
leagt one check wvalve; an actuating system for imparting
upward and downward cycling movement of said inner tubular
member relative to saild tubular housing; and a position
indexing mechanism located within said tubular housing and
selectively actuatable to select check valve controlling
positions of said inner tubular member relative to said
tubular housing, wherein said actuating system comprises a
spring acting on said tubular housing and said inner tubular
member and normally positioning said inner tubular member at
said first position relative to said tubular housing; a
piston area defined within said inner tubular member; an
orifice located within said inner tubular member; and
wherein fluid flow from said tubing acting across said
orifice develops a pressure differential acting on said
piston area and creates a flow responsive actuating force
opposing sald spring, when said flow responsive actuating
force exceeds said spring force said actuating force moves
sald inner tubular member from said first position to said
second position, when said flow responsive actuating force
18 less than said spring force said spring force returns
said inner tubular member and said tubular housing to said

first position.

According to yet a further aspect of the present
invention, there is provided a tubing connected check valve
mechanism for wells, selectively actuatable for direct
circulation flow and reverse circulation flow, comprising:
a tubular housing having at least one check valve therein

having a first valve position permitting only direct

-2 f-
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circulating flow therethrough and a second valve position
prermitting reverse circulating flow of fluid therethrough;
an inner tubular member linearly movable relative to said
tubular housing and having a first position within said
tubular housing permitting opening and closing of said at
least one check valve and a second position within said
tubular housing maintaining said at least one check valve
open and permitting reverse flow circulation through said at
least one check valve; an actuating system for imparting
upward and downward cycling movement of said inner tubular
member relatlive to said tubular housing; and a position
indexing mechanism located within said tubular housing and’
selectively actuatable to select check valve controlling
positions of said inner tubular member relative to said
tubular housing, wherein said actuating system comprises an
actuator housing mounted to said inner tubular member; an
actuator ball seat defined within said inner tubular member;
an orifice defined within said actuator housing above said
actuator ball seat; and an actuator ball located within said
actuator housing and seated on said actuator ball seat
responsive to direct circulating flow to permit flow only
through said orifice and movable from Said actuator ball
seat responsive to reverse circulating flow further
comprising a ball restraint element located within said
actuator housing and limiting movement of said actuator ball
away from said actuator ball seat by reverse circulating
flow while permitting reverse circulating flow through said

actuator ball seat.

According to still a further aspect of the present
invention, there is provided a tubing connected check valve
mechanism for wells, selectively actuatable for direct
circulation flow and reverse circulation flow, comprising:

a tubular housing having at least one check valve therein

_2g_
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having a first valve position permitting only direct
clrculating fiow therethrough and a second valve position
permitting reverse circulating flow of fluid'therethrough;
an i1nner tubular member linearly movable relative to said
tubular housing and having a first position within said
tubular housing permitting opening and closing of said at
least one check valve and a second position within said
tubular housing maintaining said at least one check valve
open and permitting reverse flow circulation through said at
least one check valve; an actuating system for imparting
upward and downward cycling movement of said inner tubular
member relative to said tubular housing; and a position
indexing mechanism located within said tubular housing and
selectively actuatable to select check valve controlling
positions of saild inner tubular member relative to said
tubular housing, wherein said actuating system comprises an
actuator housing mounted to said inner tubular member; an
actuator ball seat defined within said inner tubular member;
an orifice defined within said actuator housing above said
actuator ball seat; and an actuator ball located within said
actuator housing and seated on said actuator ball seat
responsive to direct circulating flow to permit flow only
through said orifice and movable from said actuator ball
seat responsive to reverse circulating flow, wherein said
position indexing mechanism comprises: a J-pin; and a J-
slot sleeve mounted for rotation relative to said tubular
housing and having a J-slot geometry ehgaged by said J-pin;
and responsive to linear upwardly and downwardly cycling |
movement of said inner tubular member, said J-pin tracks
within said J-slot geometry and establishes a predetermined
valve open position of said inner tubular member to permit
direct and reverse circulating flow through said at least

one check valve and a valve enabled position permitting only

-2 -
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direct circulating flow through said at least one check

valve.

According to another aspect of the present
invention, there is provided a tubing connected check wvalve
mechanism for wells, being selectively actuatable for direct
circulation flow and reverse circulation flow, comprising:

a tubular housing having at least one check valve therein
having a first valve position permitting only direct
circulating flow therethrough and a second valve position
permitting reverse circulating flow of fluid therethrough,
sald tubular housing having a lower end adapted for stopping
engagement with material located within a well; an inner
tubular member connected to tubing exténding from the
surface and into the well and linearly movable relative to
said tubular housing and having a first position within said
tubular housing permitting opening and closing of said at

least one check valve and a second position within said

tubular housing maintaining said at least one check valve
open and permitting reverse flow circulation through said at
least one check valve; a spring acting on said tubular
housing and said ilnner tubular member and normally
positioning said inner tubular member at said first position
relative to saild tubular housing; and a position indexing
mechanism located within said tubular housing and being
selectively actuated to select check valve controlling
positions of said inner tubular member relative to said

tubular housing.
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It is a principal feature of the present invention to provide a novel check valve
mechanism or tool for use in well applications, particularly when the tubing being utilized
within the well is coiled tubing, to accommodate industry safety standards and to selectively
control the check valve mechanism for both direct circulation flow and reverse circulation
flow.

It 1s another feature of the present invention to provide a novel dual check valve
mechanism or tool which, with pipe manipulation, i.e., up and down movement, can
accomplish selective indexing of a J-slot indexing mechanism for conﬁerting the valve
mechanism to a direct circulation' mode and reverse circulation mode.

It is also within the scope of the present invention to provide a novel dual check valve
mechanism or tool which may take the form of any of several different operational
embodiments, including drag spring induced operation, motion induced operation, cycle
induced operation, flow induced operation, and compression induced operation.

It 1s another feature of the present invention to provide a novel dual check valve
mechanism or tool which can be simply and efficiently re-configured from direct circulation
flow to reverse circulation flow as desired for specific well service activities that are
ordinarily not possible with conventional dual check valve mechanisms, and can be quickly
restored to a safe condition for direct circulating flow only by using a drop ball / pressure

induced override procedure or tension to actuate the dual check valves for closing responsive

to reverse circulating flow.

Briefly, the various objects and features of the present invention are realized by
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providing a controllable reversing valve mechanism which has a mode for direct circulating
flow and is actuated for reverse flow by cyclic up and down motion of tubular well tool
components to achieve relative positioning of the tool components. Selective actuation,
indexing, or positioning of the tubular components of the dual check valve mechanism
between a direct circulating flow mode and a reverse circulating flow mode is achieved by
simple relative linear movement of tool components or by a J-slot positioning indexing
mechanism to sclectively accomplish normal downward check valve controlled fluid flow and
to achieve a flow condition permitting upward or reverse flow of fluid from the annulus of the
well through the tool bore. The preferred embodiment of the present invention is a drag
spring reversing valve which provides the number and arrangement of check valves that are

required by industry standards and, with pipe manipulation, actuates the valve mechanism for

reverse circulation as well as direct circulation, then with further pipe or tubular component
manipulation, reverts the check valve mechanism to its direct circulation mode, allowing only
direct circulation.

When the reverse circulating flow path is open, direct and reverse flow are possible.
When the direct circulating flow path (flow down the inside of the coiled tubing) is open,
only direct circulation is possible. Due to the risk of bringing unknown production fluids up
the coiled tubing to the surface, reverse flow is typically not allowed unless an exemption is
granted. An application for the present invention is in wells where a reverse flow sand
cleanout is performed down to sand within the well casing that is typically 100 feet (30.5
meters) above the casing perforations.

Reverse circulating flow well cleanout procedures with the reversible dual check valve
tool of the present invention use the high velocity fluid inside the coiled tubing to transport sand,

whereas with direct flow the velocity of the fluid between the coiled tubing and the casing is

-3-
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much lower and often an expensive foam cleanout 1s required to entrain the sand under lower
velocity flow conditions and transport the sand to the surface. Thus, reverse circulation flow is
preferable for sand removal from wells. During reverse circulating flow the annulus of the well
is pressurized from the surface. With the ability to close the check valve and with the well kept
overbalanced by tubing or casing pressure that exceeds formation pressure, reverse circulation
can be performed closer to the perforations of the well casing than is presently allowed under
industry safety standards.

The drag spring actuated dual check valve tool, which is the preferred embodiment of the
present invention can be configured for two operating modes:

I. Motion operated mode — In this mode the J-slot sleeve is removed from the tool. With
removal of the J-slot sleeve, drag spring resistance shifts the tool to the reverse circulating mode
with downward motion and to the direct circulating mode with upward motion. Downward
motion of the coiled tubing shifts the housing upward and the tube forces the check valves open,
thus permitting direct circulation or reverse circulation through the dual check valve mechanism.

Upward motion of the coiled tubing moves the housing down and causes the check valves to be
enabled, thus preventing reverse tlow.

2. Cycle operated mode — A rotating J-slot sleeve / spline mechanism, with up and down
mantpulation of the coiled tubing is used to move the dual flow path valve between direct and
reverse circulating modes. While running into the hole, the tool will usually be prepared in direct
circulating mode, with the reverse circulating flow path closed and the check valves enabled for
flow responsive operation. At depth the pipe or coiled tubing is picked up and lowered again
which cycles the J-slot sleeve / spline mechanism from the direct circulating mode to the reverse

circulating mode. Each subsequent up and down cycle moves the dual flow path between the

direct-reverse-direct circulating modes. When the tool is in the reverse circulating mode the

_4-
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check valves are held open by an internal tube. When the tool is shifted to the direct circulating
mode the tube is pulled out of the check valve area and the check valves are again enabled. The
position of the tool can be verified by pressurizing the annulus and checking the pressure of the
coiled tubing. If the passage of the coiled tubing becomes pressurized by annulus pressure, the
reversing position is confirmed. In either of the operating modes of the tool, upward movement
of the coiled tubing will close the reverse circulating flow path and open the direct circulating
flow path, thus enabling the check valves for flow responsive opening and closing. The J-slot
position indexing sleeve is grease filled via a port having a pipe plug and is rotatably supported
by thrust bearings to minimize its rotational friction within the tubular housing of the tool. The J-
slot sleeve has a grooved or slotted interior and defines an internal J-slot geometry that is tracked
by a J-pin that projects externally from an inner tubular member that has a portion thereof located
for linear movement within the tubular housing.

The J-slot pin itself does not act as a stop in any of the three positions of the tool; rather, it
establishes a guiding relation for relative linear movement of the tubular housing and inner
tubular member and it causes rotational indexing of the J-slot sleeve responsive to linear
upwardly and downwardly cycling movement of the tool components. Compression load is taken
by the facing shoulders 64 and 66 between the connector fitting 70 and the primary seal carrier
fitting 46. Tension load 1s taken by J-pin mount shoulder 95, shown in Fig. 3, to J-slot sleeve
shoulder 98, shown in Fig. 2. Intermediate position run in hole compression load is taken by J-
pin mount shoulder 99, shown 1n Fig. 3, to J-slot sleeve shoulder 100, shown in Fig. 2. The J-pin
mount may be welded to the mandrel or may be machined from solid bar stock.

According to the preferred embodiment, an up and down cycle of the coiled tubing is
necessary to move the J-slot sleeve between reverse circulating and direct circulating flow paths.

In the cycle operated mode, while running the tool into a well, the reverse circulating flow path is

-5-
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typically closed. Often, while running the tool into the hole, a pull test is done to check
mechanical friction between the coiled tubing and the wellbore, thus the tool must be cycled
twice to return to the direct flow position. At the desired depth the tool string is picked up, then
lowered again, which opens the reverse circulating flow path. Another up and down cyclé of the
cotled tubing closes the reverse circulating flow path. The alternating operation is accomplished
via the J-slot position indexing geometry of the J-slot sleeve of the tool. The operator may
choose to run the tool into the hole with either the direct or reverse circulating flow path initially
open. When the reverse circulating flow path is open, direct and reverse flow is possible. When
the reverse circulating flow path is closed, only direct circulation is possible.
According to the preferred embodiment of the present invention one or more drag springs
are employed to provide the driving force for both the motion operated and cycle operated modes.
The drag spring must have adequate force to operate the mechanism in the well casing, typically
4.1 to 6.4 inches (104 to 163 mm) inner diameter. The drag spring is designed to have a low
spring rate in order to limit the drag force passing through the pipe nipple, typically 3.725 inches
(95 mm) inner diameter. The drag spring is also designed to be in tension either running the tool
into the hole or pulling the tool out of the hole. This is accomplished by stops on the drag Spring
support mandrel. The stops are chamfered and knurled in order to ensure the housing does not
rotate while the J-slot sleeve is being rotatably indexed during linear cycling of the tubular
housing and the inner tubular member.
T'o separate a portion of the inner tubular member and remove it from its valve open
position within the valve housing of the tool, the disconnect type check valve mechanism can be
coupled to a pressure responsive drop ball type force responsive disconnect or a tensile, i.e.,

pulling force responsive, type of disconnect. The dual check valve tool can also be coupledtoa

pressure operated disconnect, causing disconnection to occur responsive to pressure injection

_6-
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through the coiled tubing. This disconnect type check valve mechanism can also be used for
coiled tubing fracturing operations currently operating under a safety exemption allowing
operation without check valves. The disconnect type check valve mechanism can quickly and
simply restore the valve mechanism to its direct circulating mode and thereby enhances the safety
of the tool during acid fracturing operations. Also, the disconnect mechanism of the tool can
function at any position of the tubular housing and inner tubular member.

BRIEF DESCRIPTION OF THE DRAWINGS
So that the manner in which the above recited features, advantages, and objects of the present
invention are attained can be understood in detail, a more particular description of the invention,
briefly summarized above, may be had by reference to the embodiments thereof illustrated in the
appended drawings, which drawings are incorporated as a part hereof.

It is to be noted however, that the appended drawings illustrate only typical embodiments
of this invention and are therefore not to be considered limiting of its scope, for the invention
may admit to other equally effective embodiments.

In the Drawings:

Fig. 1 1s longitudinal sectional 1llustration showing a well completed to a production
formation and showing coiled tubing handling apparatus at the surface with coiled tubing being
run into the well and provided with a check valve mechanism adapted for selective actuation
according to the principles of the present invention for reverse flow through the valve
mechanism;

Fig. 2 1s a longitudinal sectional view of an upper section of the check valve mechanism
of Fig. 1 showing the upper portion of the J-slot actuating mechanism thereof;

Fig. 2A 1s a diagrammatic 1llustration of an upper portion of the J-slot geometry that is

shown in association with the J-slot sleeve of the dual check valve mechanism;
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Fig. 2B is a diagrammatic illustration of the lower portion ot the J-slot geometry;

Fig. 3 is an intermediate longitudinal sectional view of the check valve mechanism of Fig.
1 showing the lower portion of the J-slot actuating mechanism thereof;

Fig. 4 is another intermediate longitudinal sectional view of the check valve mechanism
of Fig. 1 showing the dual check valves thereof in detail;

Fig. 5 is a longitudinal sectional view of a iower portion of the check valve mechanism of
Fig. 1 showing a drag spring supported for limited linear movement by the dual check valve
mechanism and having frictional engagement with the well casing to provide a motive force for
actuating the J-slot actuating mechanism thereof;

Fig. 6 is a longitudinal sectional view of the upper section of a dual flow reversible check
valve mechanism embodying the principles of the present invention and being adapted for flow
responsive indexing for direct and reverse circulation modes;

Fig. 7 is a longitudinal sectional view of the intermediate section of the dual flow
reversible check valve mechanism of Fig. 6;

Fig. 7A i1s a partial diagrammatic layout illustration of the J-slot geometry of the J-slot
sleeve of Fig. 7,

Fig. 8 is a longitudinal sectional view of the lower section of the dual flow reversible
check valve mechanism of Figs. 6 and 7;

Fig. 9 is a longitudinal sectional view of the upper section of a dual flow reversible check
valve mechanism embodying the principles of the present invention and being adapted for flow
responsive indexing for direct and reverse circulation modes in similar manner as shown in Figs.
6-8;

Fig. 10 1s a longitudinal sectional view of the intermediate section of the dual flow

reversible check valve mechanism of Fig. 9;
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Fig. 10A is a diagrammatic layout illustration of the J-slot geometry of the J-slot sleeve of
Fig. 10;

Fig. 11 is a longitudinal sectional view of the lower section of the dual flow reversible
check valve mechanism of Figs. 9 and 10;

Fig. 12 is an enlarged sectional view showing a portion of the lower section of the dual
flow reversible check valve mechanism of Figs. 9-11;

Fig. 13 is a sectional view taken along line 13-13 of Fig. 12;

Fig. 14 is a longitudinal sectional view of the upper section of a compression actuated
dual flow reversible check valve mechanism representing another alternative embodiment of the
present invention;

Fig. 15 1s a longitudinal sectional view of an intermediate section of the dual flow
reversible check valve mechanism of Fig. 14;

Fig. 15A 1s a partial layout illustration of the J-slot valve indexing geometry of the J-slot
sleeve shown in Fig. 15; and

Fig. 16 1s a longitudinal sectional view of the lower section of the dual flow reversible
check valve mechanism of Figs, 14 and 15.

DETAILED DESCRIPTION OF THE INVENTION

Referring now to the drawings and first to Fig. 1, a trailer or truck mounted mobile coiled
tubing mechanism 1s shown generally at 10 and incorporates a tubing storage reel 12 from which
coiled tubing 14 1s run by an injector 15 through a blowout preventer 16 and a wellhead 17 and
into a well 18. The coiled tubing from the reel 12 passes along a guide 19 as it is moved into the
well 18 by the injector 15. A length of production tubing 21 is supported by a hanger within the
wellhead 17, with its lower end being sealed to the well casing 20 by a packer 23. The casing 20

1s perforated at 22 to permit communication of the well with a production formation 24, from
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which petroleum products such as crude oil, natural gas, distillate and typically also water are
produced. The coiled tubing 14 extends through the production tubing 21 to a desired depth
within the well, typically a location above the casing perforations. A connector 26 is provided at
the lower end of the coiled tubing 14 and provides for connection of a through-tubing type
reversible check valve tool, shown generally at 28, which embodies the principles of the present
invention.

For injection of fluid through the coiled tubing and dual check valve mechanism and into
the well, a conduit 30 1s connected to the centermost coil of the coiled tubing on the storage reel
12 and permits fluid from a supply tank 32 to be pumped through the coiled tubing by a pump 34.

For reverse well cleanout operations fluid in the annulus between the well casing and tubing is
pressurized from the surface. This pressurized fluid, by virtue of the small diameter of the well
tubing, typically coiled tubing, substantially increases in velocity as it enters the coiled tubing.
This increased velocity fluitd flow easily entrains and transports sand through the tubing to the
surface for disposal.

As mentioned above, it 1s desirable to provide a controllable dual check valve tool to meet
technical requirements and to provide for reverse circulating flow through the check valve
mechanism as needed for well cleanout service and for other well service procedures. Referring
now to Figs. 2-5, a preferred embodiment of the present invention, shown generally at 28 in Figs.
1 and 2, effectively accomplishes these features. The through-tubing type flow reversing dual
check valve tool 28, shown in Figs. 2-5 is also referred to as a “drag spring reversing valve”. The
drag spring reversing valve provides the number and arrangement of check valves that are
required by industry standards and, with pipe manipulation, allows both direct circulation flow
and reverse circulation flow, then with further pipe manipulation, reverts the check valve

mechanism to its “Enabled” condition to allow only direct circulation flow to occur. The
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reversible dual check valve tool 28 is defined by a tubular housing 36 having upper and lower
housing sections 38 and 40 that are assembled by a threaded connection 42, with an O-ring seal
44 establishing sealing at the connection. At its upper end, the tubular housing 36 is provided
with a tubular primary seal carrier fitting 46 having a threaded extension 48 that is received by an
internal threaded section 50 of the upper housing section 38 and is sealed thereto by an O-ring
seal 52. A primary seal 54 is supported by the fitting 46 and is disposed in sealing engagement
with the outer cylindrical surface 56 of an inner tubular member 58 that is linearly movable
relative to the tubular housing 36, with a portion thereof being received in telescoping relation
within the tubular housing 36. A pair of anti-extrusion rings 60 ensure against pressure induced
extrusion of the primary seal 54 due to high pressure differential that may occur across the
primary seal 54 as the tubular housing 36 and inner tubular member 58 are moved linearly
relative to one another. An annular scraper element 62, carried by the primary seal carrier fitting
46, also engages the outer cylindrical surface 56 of the inner tubular member 58 and serves to
prevent or minimize contaminant intrusion into the sealing interface of the primary seal with the
inner tubular member.

The upper end of the primary seal carrier fitting 46 defines an annular upwardly facing
stop shoulder 64 that is disposed for movement limiting engagement with a downwardly facing
annular shoulder 66 which is defined by an internally threaded extension 68 of a connector fitting
70 which receives an upper threaded section 72 of the inner tubular member 58. The connector
fitting 70 1s sealed to the inner tubular member 58 by an O-ring seal 74 and provides a connection
between the check valve tool 28 and the coiled tubing 14. To ensure against inadvertent rotation
of the connector fitting 70 with respect to the inner tubular member 58, and thus ensure retention
of the dual check valve tool mechanism by the coiled tubing, a set screw or plug 76 is threaded

through a hole in the connector fitting 70, with the inner end of the set screw or plug being
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received within a depression (typically a groove) or receptacle 71 within the upper end of the
inner tubular member 38.

An annular chamber 78 i1s defined between the threaded extension 48 and the inner
tubular member 58 and typically receives grease or any other suitable protective medium. A
grease plug 80 is threaded into an opening of the primary seal carrier fitting 46 and is removable
to permit grease to be introduced into the annular chamber 78.

A J-slot sleeve 82 1s positioned in a portion of the annular chamber 78 between the
tubular housing 36 and the inner tubular member 58 and defines an internal J-slot geometry
which is depicted diagrammatically in Fig. 2A. The J-slot sleeve 82 is undercut externally and
defines an elongate recess 83 to minimize its rotational friction with the tubular housing 36 due
to the presence of grease between the tubular housing and the J-slot sleeve. Rotational friction of
the J-slot sleeve 82 is also minimized by upper and lower bearings 84 and 86, which are
interposed between the ends of the J-slot sleeve and components of the tubular housing 36 and
serve to permit ease of rotation of the J-slot sleeve and to permit rotatable actuation of the J-slot
valve actuating mechanism within the tubular housing 36. The J-slot sleeve 82 defines a J-slot
geometry, shown in Figs. 2, 2A, and 2B, having an elongate substantially straight internal guide
track 90 that receives a guide member 92 of a guide boss 94 which is integral with or fixed to the
inner tubular member 58 and projects externally thereof, The guide member 92 is also referred to
as a “J-pin” since it tracks within the J-slot geometry during relative movement of the tubular
housing 36 and the inner tubular member 58. The J-pin guide member 92 provides only a
guiding function and accommodates only sufficient force to react with angulated J-slot sections to
rotate the J-slot sleeve 82 to its various indexing positions. The guide member is not subjected to
tension or compression loads during tool running, pulling or operation. Compression force of the

inner tubular member 58 being moved downwardly by the coiled tubing or other tubing, as the
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case may be, is accommodated by contact of the downwardly facing annular shoulder 66 of the

connector fitting 70, while tensile loads, by pulling upwardly on the inner tubular member 58

with the tubing, are accommodated by contact of the upwardly facing guide boss shoulder 95
with the downwardly facing shoulder 98 of the J-slot sleeve 82. This feature permits the inner
tubular member 38 to be linearly movable within limits defined by the length of the elongate
guide track 90 and by J-slot guide track geometry 96 that is defined within the upper end section
of the J-slot sleeve 82. The J-slot geometry 96 of the J-slot sleeve 82 defines upper and lower
shoulders 98 and 100 and intermediate angulated slot sections 102 and 104 with angulated slot
walls that are engaged by correspondingly angulated guide surfaces 93 of the guide member 92.
As these angulated guide slot or track sections are encountered by the guide member 92, the J-
slot sleeve i1s given an increment of rotation which moves the inner tubular member 58 for
achieving a desired position. As the inner tubular member 58 is cycled upwardly and
downwardly by moving the coiled tubing 14 to which it is connected, the J-slot indexing
mechanism controls linear positioning of the inner tubular member 58 and thus actuates the
check valve mechanism, to be discussed below, for conventional direct circulating flow or
reverse circulating flow by enabling or disabling the check valves.

The lower housing section 40 defines an internal valve chamber 106 within which is
recetved a tubular dual check valve mandrel or housing 108 that is seated on and positioned by a
downwardly facing internal annular shoulder 110. The tubular dual check valve housing 108
provides pivotal support for a pair of swing check valve members 112 and 114 that are typically
movable to the closed positions thereof responsive to upward or reverse circulating flow of fluid

in addition to being spring biased closed by torsion springs surrounding hinge pins 115, thus

blocking the upward flow of well fluid through the valve mechanism. The check valves 112, 114

are moved to open positions thereof responsive to downward or direct circulating flow of fluid,
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thus permitting injection of fluid into the well through the coiled tubing and the check valve
mechanism.

For disabling the dual check valves 112, 114 of the check valve mechanism, a tubular
lower section 116 is fixed to the inner tubular member 58 by interfitting tubular connector
sections 118 and 120 of the inner tubular member 58 and the tubular lower section 116, thus
defining a disconnect sleeve assembly. To disable the check valves and permit reverse
circulating flow through the check valve mechanism, the inner tubular member 58 is moved to a
position locating the lower tubular section 116 within the valve housing 108 as is evident from
Fig. 4. When the lower tubular section 116 is removed from within the valve housing the check
valve mechanism is restored to its direct circulating flow condition. The tubular connector
sections |18 and 120 are releasably secured in assembly by one or more shear pins 122 and are
sealed to one another by an optional annular sealing element 124, thus causing the tubular lower
section 116 to be linearly movable as a connected component of the inner tubular member 58 as
the coiled tubing is cycled upwardly or downwardly within the well. Downward force on the
disconnect sleeve connection 1s accommodated by an annular support shoulder 125 of the tubular
valve actuating element, thus preventing the shear pin 122 from 'being subjected to a
compressional shearing force. Thus, shearing of the shear pin or pins 122 of the disconnect
sleeve connection can occur only by upward force on the inner tubular member 58 or by
application of downward force on the tubular lower section 116. Restoration of the dual check
valve mechanism to its direct circulating flow mode from its reverse circulating flow mode
simply by moving the inner tubular member 58 upwardly relative to the tubular housing 36 or,
under override conditions, releasing the lower end section from the inner tubular member 58 by

application of sufficient force to shear the shear pins.

When the dual check valve tool 28 is being pulled from the well or moved upwardly
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within a tubing string, the pulling force i1s applied by the coiled tubing to the inner tubular
member 58 via the connector fitting 70, thus pulling the inner tubular member 58 to its
uppermost position relative to the tubular housing 36 and thus moving the tubular lower section
116 to a position clear of the internal dual check valves, and enabling the check valves 112, [ 14
for the direct circulating flow mode. Thus the valve mechanism is always in the direct circulating
flow mode during pulling of the reversible dual check valve tool from the well. The shear pins
122 provide for release of the tubular valve actuating element 116 from the inner tubular member
58 1n the event of override conditions, for the purpose of restoring the check valve mechanism
from a disabled or reverse circulation condition to an enabled flow responsive condition if
needed. To the lower end of the tubular lower section 116 is mounted a ball seat fitting 126 by a
threaded connection 128, with the fitting 126 being sealed to the tubular valve actuating element
116 by O-ring sealing element 130. Within the ball seat fitting 126 is seated a tubular ball seat
element 132 having a spherical or tapered internal seating surface segment 134 that is engagable
by a ball element, shown in broken line at 136, under override conditions. The tubular ball seat
element 132 is sealed with respect to the tubular ball seat fitting 126 by a circular O-ring type
sealing element 138. Within the lower housing section 40 of the tubular housing 36 is mounted a
tubular connector and spacer element 140 by a threaded connection 142. Concentric spacing of
the ball seat fitting 126 and the lower connection end 144 of the lower housing section 40 is
maintained by an annular spacer section 146 which is sealed to the lower housing section 40 by
an outer O-ring seal 148 and to the ball seat fitting 126 by an inner O-ring seal 150.

[n the event the mechanism should become stuck in the reverse circulating flow mode and it
becomes necessary to quickly enable the check valve mechanism for direct circulation only, a ball
136 1s dropped into the flow passage of the coiled tubing and descends or is pumped to the ball

seat 132, thus engaging the seat surface segment 134 and shutting off flow through the flow
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opening 151 of the ball seat fitting 126. With the ball 136 thus positioned, pressure is applied
through the coiled tubing, thus imparting a downward force on the tubular lower section 116 of
the inner tubular member 58. When this downward force exceeds the restraining force of the
shear pins 122, the shear pins will be sheared and will release the lower tubular section 116 and
permit the pressure induced downward force to move the valve actuating element downwardly
past the internal annular O-ring seal 150, thus releasing the opening restraint of the check valves
112, 114 and enabling the check valve mechanism to function normally in direct circulating mode
only. It should be borne in mind that the reverse circulating valve mechanism of the present
invention cannot be run with a conventional check valve assembly above the tool. If a
conventional check valve 1s used above the tool, it will prevent reverse fluid circulation.

A tubular drag spring support mandrel 154 is secured to the tubular connector and spacer
element 140 by a threaded connection 156 and with a tubular guide nipple 158 being connected
to the lower end of the tubular mandrel 154 by a threaded connection 160. The tubular guide
nipple 158 defines a curved or tapered guide nose 162, also known as a “bull nose” which guides
the tubular drag spring support mandrel 154 as the dual check valve tool 28 is run into the well.
The bull nose 162 defines a fluid flow opening 164 through which fluid interchange to and from
the reversible dual check valve tool occurs. The fluid flow opening 164 may comprise multiple
small openings to prevent large debris from flowing up the coiled tubing. The bull nose 162 and
the tubular drag spring mandrel 154 also define a chamber 155 within which the lower tubular
section 116 1s recetved when it is disconnected and displaced clear of the check valve housing as
described above. The tubular drag spring support mandrel 154 is provided with upper and lower
external stop members 168 and 170 which are chamfered and knurled to increase friction with the

drag spring assemblies and prevent rotation of the tubular housing 36 during indexing rotation of

the J-slot sleeve 82.
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One or more drag spring assemblies, shown generally at 172, are located externally of the
tubular drag spring support mandrel 154 and function to apply a restraining force to the tubular
housing 36 as downward or upward force is applied via the tubing string or coiled tubing to the
inner tubular member 58, and thus cause actuation of the J-slot indexing mechanism with which
the reversible dual, selectively actuatable check valve mechanism is provided. The drag spring
assembly or assemblies have one or more elongate leaf type spring elements 174 in the general
form of a bow, with a central section 176 thereof projecting outwardly for frictional contact with
the well tubing 21 or the well casing 20, as the case may be. Respective upper and lower end
sections 178, 180 of the spring elements 174 are each connected with upper and lower drag shoe
elements 182 and 184 which are each secured to the drag spring by retainer screws 186. The
clongate drag springs 174 are designed with low radial spring rate to have acceptable friction
with the tubing 20 while running the check valve tool 28 through a tubing string. The drag spring
assemblies are linearly movable on the tubular drag spring support mandrel 154 within limits
defined by the spacing of the drag shoe elements 182 and 184 and the spacing of the upper and
lower stop members 168 and 170 of the tubular drag spring support mandrel 154. Retarding or
restraining movement of the housing 36 within the tubing permits linear movement of the inner
tubular member 58 relative to the housing 36 and permits incremental rotational movement of the
J-slot sleeve 82 responsive to the differential force and consequently permits relative linear
positioning of the inner tubular member at valve “Open” and valve “Enabled” positions relative
to the tubular housing 36 as controlled by the J-slot indexing mechanism.

The reversible dual check valve tool shown in Figs. 2-5 is normally in a multi-cycle
operating mode, but can be converted to a cycle operating mode simply by removing the J-slot
sleeve from the tool or providing an inner tubular member without a J-pin. In its cycle operating

mode, the tool is run into the well with its dual check valve mechanism in the reverse circulating
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flow mode. Restoration of the dual check valve mechanism to its direct circulating mode only is
accomplished by application of a tensile or pulling force on the inner tubular member by upward
movement of the tubing, thus moving the inner tubular member upwardly relative to the tubular
housing and extracting the tubular lower section from within the<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>