
;e3eh` h]$@HD 6z T CM 6  Related Case DOWNHOLE PLUG HOLDER AND METHOD The
present application claims priority from Provisional Application No.
601316,572 filed August 31) 2000 entitled liner Hanger Running Tool and
Method. Field of the Invention The present invention relates to the plug
holder of the type suitable for supporting a liner wiper plug and for
thereafter releasing the finer wiper plug in response to increased fluid
pressure. The plug holder sub of the present invention may be used in a
cementing operation, with the liner wiper plug separating a cementatious
fluid from another fluid. Background of the Invention Conventional liner
hanger running tools include a plug holder sub adapted to support a liner
wiper plug on the running toot during a cementing operation. The plug
holder sub is conventionally latched to the running string, and the liner
wiper plug is attached to the plug holder sub by a shear connection.
Unfortunately, these shear connections frequently are prematurely weakened
or are sheared either by running tool manipulation or by the momentum of
the pump down plug landing and seating on the liner wiper plug.   -2 Some
manufacturers have included a plug holder sub that has a latching lug and a
shifting sleeve. The plug cannot be released until the pump down plug
shifts the sleeve to allow the latching lugs to relax and thereby allows
the plug set to 



separate from the running tool. U.S. Patents 4,624,312 and 4,934,452
disclose plug holder subs which use a collet instead of a latching lug.
U.S. Patent 5,036,922 discloses a running tool which employs a piston that
is shifted in order for the plug set to be released. While the above
systems may prevent premature release of the plug set due to running tool
movement or manipulation) they do not prevent premature release of the plug
set due to the momentum of the pump dawn plug and the column of fluid
behind that plug when it lands and seats on the liner wiper plug. In many
applications, this landing or "hammering" force will cause the plug set to
release so fast that the operator cannot detect the release and therefore
cannot properly calculate the fluid displacements. This "hammering" effect
of the pump down plug hitting the liner wiper plug and the effect of
prematurely releasing the plug set may ruin a cementing job. The prior art
has not addressed the problem of prematurely releasing the plug set due to
this hammering effect of the pump down plug hitting the liner wiper plug.
As a consequence, the operator may not be able to calculate the fluid
displacement after the pump down plug has sealed and latched into the liner
wiper plug.   -3 The disadvantages of the prior art are overcome by the
present invention, and an improved downhole plug holder and method for
supporting a linerwiper plug are hereinafter disclosed which increase the
reliability of cementing operations. Summary of the Invention The plug
holder sub of the present invention may be used for positioning a wiper
plug which may be released from a line hanger running tool or the end of a
tubular string during a cementing operation. The plug holder sub may be
releasably positioned on the lower end of the liner hanger running tool,
and is sized to pass a pump down plug, which lands in the finer wiper plug
supported on the running tool by the plug holder sub. The liner wiper plug
is connected to the plug holder sub in a manner which prevents premature
release of the plug set from the running tool, either upon manipulation of
the running tool or due to the hammering effect of the pump down plug
entering and latching into the liner wiper plug. Once the pump down plug is
sealingly seated and latched within the bore of the liner wiper plug, fluid
pressure acts on a piston which is moved to unlock the plug set from the
running tool so that the plug set is released and allowed to be pumped to
the landing collar. The piston that unlocks the plug set from the running
tool acts on a fluid filled chamber which is vented to the annulus through
an orifice. When the pump down plug is seated within the bore of the finer
wiper plug, increased fluid pressure acts   -4 on the piston. The type and
volume of fluid vented, as well as the size of the orifice, determine the
time it takes to move the piston to a plug release position. This time is
important to allow the operator to determine the correct displacement of
cement 



volumes for cementing the liner in the well. The plug holder sub allows the
running tool to be manipulated without any detrimental effects on the liner
wiper plug. The pump down plug may be pumped at any desired speed to the
liner wiper plug and sealed and latched. The hammering effect of landing
the pump down plug on the liner wiper plug will not prematurely release the
plug set. After the pump down plug has been seated and latched, the
operator may increase pressure to the running tool, thereby confirming to
the operator that the plug has been seated in the liner wiper plug. The
operator may calculate the exact amount of displacement fluids it will take
to cement the liner in the well. The fluid pressure may then be increased,
causing the piston to start to move to the plug release position. The puma
down plug and the liner wiper plug as a set will thus be released after a
predetermined amount of time, which again is important to the operator
being able to determine the correct displacement volumes for cementing the
liner in the well. It is an object of the present invention to provide a
plug holder sub for releasing a liner wiper plug in response to high fluid
pressure acting against a piston, which in turn expels fluid from a chamber
through a metering jet.   -5 It is a further object of the invention to
provide an improved method of releasing a liner wiper plug in response to
fluid pressure, such that fluid pressure moves a piston from a retaining
position to a release position. The time it takes for high pressure to
expel fluid through a metering jet is monitored to increase the reliability
of properly releasing the liner wiper plug during the cementing operation.
It is a feature of the present invention that a C-shaped retainer member
may be used for attaching the liner wiper plug to a tubular body) wherein
movement of a piston to a release position releases the C-shaped retainer
to release the liner wiper plug. It is a further feature of the invention
that the C-shaped ring may have threads or other internal gripping members
for gripping engagement with the liner 



wiper plug. A metering jet may also have external threads for threaded
engagement with the tubular body. (t is an advantage of the present
invention that the plug holder sub is highly reliable and is relatively
inexpensive. These and further objects, features, and advantages of the
present invention will become apparent from the following detailed
description, wherein reference is made to the figures in the accompanying
drawings. Brief Description of the Drawings   -G Figure 1 is a
cross-sectional view of a plug holder sub according to the present
invention, illustrating the position of components for attachment to the
liner wiper plug on the left side of the centerline and positioned for
release of the liner wiper plug from the plug holder sub on the right side
of the centerline. Figure 2 is a cross-sectional view of a lower portion of
plug holder sub shown in Figure 1, illustrating the upper portion of a
liner wiper plug attached to the plug holder sub on the left side of the
centerline, and released on the right side of the centerline. Detailed
Description of Preferred Embodiments Figure 1 depicts a plug holder sub 110
for supporting a conventional liner wiper plug. The sub 110 includes the
body 112 secured to the lower end of the running tool mandrel. Before the
running tool and liner is lowered in the welt, the liner wiper plug engages
locking ring 114, which is supported between body 112 and the lower body
116 by piston 134. Locking ring 114 includes grooves or threads 115 or
other suitable members for grippingly engaging the liner wiper plug. Seal
120 on the lower body 116 seals the plug holder sub to the liner wiper
plug. Threads 128 connect the body 112 to lower body 116) and sea! 122
seals between these connected bodies. The body 112 includes a passageway
128 which is open to the annulus about the running tool. An orifice jet 130
with a relatively sized orifice is positioned 



along this port, and preferably includes threads for engagement with
threaded port 126. Fluid containing chamber 132 is pressurized by the
piston 134, which includes an OD seal 136 and an ID seal 138. When the pump
down plug lands within the liner wiper plug, the increased pressure within
the running tool acts on the piston 134) which in turn is forced upward to
expel fluid from the chamber 132. The rate fluid exits the chamber will be
determined by the characteristics of the fluid within the chamber 132) and
the size of a selected orifice in the jet 130 positioned downstream from
the chamber. The left side view of Figure 1 shows a pin 131 sealing off a
weep port to the chamber 132. The pin 131 has a small port therein for
slowly releasing pressurized fluid to the annulus. The pin 131 may be
secured within the weep port by a swaging operation, and is another form of
a metering jet. The right side illustrates a jet 130 for threading to the
body 19 2. A significant advantage of the plug holder sub according to the
present invention is that the increase in fluid pressure is not the primary
factor that determines the release of the plug set. The rate at which the
piston moves up to expel fluid from the chamber is primarily a function of
a particular jet size and the type of fluid in the chamber. Accordingly,
the operator will see an increase in pressure when the pump down plug is
landed on the liner wiper plug, and will then know, within selected limits,
that a predetermined amount of time should elapse from that increase in
pressure until the plug set is released. Once the piston 134   _g_ moves up
to reduce or eliminate the volume within the chamber 132, the C-shaped
locking ring 114 is free to move radially outward, thereby releasing the
liner wiper plug and the pump down plug. The C-shaped locking ring 114 may
be biased out but normally held radially in by the piston 134, or may be
biased in and moved outward to release by the downward force on the liner
wiper plug. Plugs are conventionally run in a well in pairs, and the plug
holder sub as shown in Figure 1 is suited for supporting one pair of liner
wiper plugs. In some applications, one pair of plugs are preferably used
before the cement fluid, and another set of wiper plugs are used after the
cement fluid and before the displacing fluid. For this latter application,
each of the plug sets may be separately released 



in response to an increase in fluid pressure, which moves a respective
piston to expel fluid from the chamber and thereby release the plug set.
One piston responsive to a low pressure fluid could thus be provided on the
support sub, with that piston releasing the first plug set. At a higher
fluid pressure) a second piston may move in response to fluid pressure to
release the second plug set. Each piston may force fluid through a
selective orifice in a jet. If desired, the second piston and/or both first
and second piston may be shear pinned so that no movement occurs until a
selected pressure level is obtained. If desired, the first plug set
alternatively could isolate the port for the second plug set so pressure
could not act on the second plug set till the first plug set was released.
-9 Figure 2 depicts the piston 134 in its retaining position, with the
C-shaped retaining member 114 held radially inward so that its threads
engage the mating threads 152 on the liner wiper plug 154. The through
passageway in liner wiper plug 154 is provided with a seat 156 for sealing
with a conventional pump down plug, as discussed above. The liner wiper
plug 154 conventionally includes at feast one and preferably two cup shaped
elastomeric sealing members 158 on an exterior thereof so that high fluid
pressure behind the liner wiper plug forces the liner wipers outward into
sealing engagement with the liner. An annular body 159 with o-rings 160 and
latch ring 161 may be provided for sealing and latching the plug set with
the landing collar. The spacer and cement fluids may be mixed while
circulating fluids for cement displacement. When the cement has been
pumped, the pump down plug may be released from the surface, forming a
barrier between the previously displaced cement and the displacement fluid.
A calculated amount of displacement fluid may thus be used to pump the pump
down plug to the liner wiper plug. As the pump down plug get close to the
running tool, fluid pressure may be reduced, e.g. to about 500 psi) and
this pressure will increase when the pump down plug lands in the liner
wiper plug) as discussed above. 



Once the pump down plug is latched into the liner wiper plug, the work
string can be pressured up and after a selected period of time, the liner
wiper plug and the pump down plug will be released from the plug holder
sub. Increased fluid pressure   _ lp _ thus moves a piston to release a
lock ring) which releases the liner wiper plug from the plug holder sub.
The piston within the plug holder sub preferably acts on a fluid with a
known viscosity at the downhole temperature of the plug holder sub. Fluid
flow through a predetermined size orifice will take a predetermined period
of time to release the liner wiper plug. This time may be used by the
operator to positively calculate displacement fluid.volumes. A calculated
amount of displacement fluid will thus force the cement to the desired
height in the annulus between the liner and the casing. Fluid will thus be
pumped until the liner wiper plug and the pump down plug set latches into
the landing collar, at which time pressure may be increased to) e.g. 1000
psi, over circulating pressure to complete latching of plugs and check that
the seals between the plugs and the landing collar are holding. Pressure
may then be bleed off and checked for bleed back to ensure that the float
equipment is holding pressure. Various types of metering jets may be used
for selectively metering fluid from the chamber 132. Significant
restrictions can be formed within the passageway 128 to effectively
constitute a metering jet. Fluid in the chamber 132 will be at a known
viscosity far the downhole conditions, and with a selectively size metering
jet the operator will know with reasonable accuracy the time it will take
for the piston 134 to move from the retaining position to the release
position.   Other forms of retainer members may be used for interconnecting
the tubular body 116 with the liner wiper plug. A preferred retainer member
has a C-shaped configuration with internal grooves or teeth for attaching
to the liner wiper plug. The 



internal surface of the piston 134 thus prevents the retainer member from
moving to the released position until the piston moves axially to its
release position, as shown on the right side of Figure 1. As discussed
above, the liner wiper plug may be used at the lower end of the liner
hanger running tool. The plug holder sub of the present invention may be
used more generally at the lower end of any conveyance tubular, such as
conveyance tubular 140 as generally shown in Figure 1. The conveyance
tubular 140 may thus be used to bath transmit fluid pressure to the
interior of the plug holder sub, and also to position the plug holder sub
at a selected location within the well. The plug holder sub of the present
invention may thus tie used at the lower end of various types of tools,
including a liner hanger running tool, or at the lower end of the tubular
string used in a cementing operation, in order to reliably release the
wiper plug from the plug holder sub during the cementing operation. The
wiper plug once released may seal with the liner or with another downhole
tubular. It will be understood by those skilled in the art that the
embodiment shown and described is exemplary and various other modifications
may be made in the practice of the invention. Accordingly, the scope of the
invention should be understood to include such modifications which are
within the spirit of the invention.   - t2  What is claimed is: 1. A plug
holder sub for being supported on a conveyance tubular for temporarily
supporting a wiper plug and for releasing the wiper plug in response to an
increase in fluid pressure within the conveyance tubular) the plug holder
sub comprising: a generally tubular body adapted for connection with the
conveyance tubular and having a throughbore in fluid communication with the
conveyance tubular; a retainer member for attaching the wiper plug to the
tubular body, the retainer member movable from a retaining position to a
release position for releasing the wiper plug from the tubular body; 



a piston movable within the tubular body in response to fluid pressure
within the throughbore from a retaining position for preventing the
releasing member from moving to the release position, the piston acting
against a fluid within a chamber within the tubular body when moving to the
release position; and a metering jet along a fluid flow path from the fluid
chamber to an annulus about the tubular body, such that fluid pressure
within the throughbore restrains movement of the piston to the release
position until fluid is forced through the metering jet, thereby preventing
release of the liner wiper plug until the piston moves to the release
position.   -13 2. The plug holder as defined in Claim 1, wherein the wiper
plug includes an internal seat, such that a pump down plug landed on the
wiper plug allows for the increase in fluid pressure within, the tubular
body. 3. The plug holder as defined in Claim 1 or 2) wherein the retainer
member is a G shape ring which is radially expanded when the piston is in
(he release position to release the wiper plug. 4. The plug holder as
defined in any one of claims 1 to 3, wherein me C-shaped ring has internal
gripping members for gripping engagement with the wiper plug. 5. The plug
holder sub as defined in any one of the preceding claims wherein the piston
is movable axially from the retaining position to the release position 6.
The plug holder sub as defied in Claim 5, wherein a radially interior
surface of the piston engages the retainer member to prevent the retainer
member from moving to the release position and axial movement of the piston
releases the retainer member to the release position. 7. The plug holder
sub as defined in any one of the preceding claims, wherein the metering jet
has external threads for threaded engagement with the tubular body.   - i4
8. The plug holder sub as defined in any one of Claims 1 to 6, wherein the
metering jet is secured to the tubular body by a swage connection. 9. A
plug holder sub for being supported on a conveyance tubular for temporarily
supporting a wiper plug and for releasing the wiper plug in response to an
increase in fluid pressure within the conveyance tubular, the plug holder
sub comprising: 



a generally tubular body adapted for connection with the conveyance tubular
and having a throughbore in fluid communication with the conveyance
tubular; a retainer member for attaching the liner wiper plug to the
tubular body, the retainer member movable from a retaining position to a
release position for releasing the wiper plug from the tubular body; a
piston axially movable within the tubular body in response to fluid
pressure within the throughbore from a retaining position for preventing
the releasing member from moving to the release position 'a radially
interior surface of the piston engaging the retainer member to prevent the
retainer member from moving to the release position) and axial movement of
the piston releases the retainer member to the release position, the piston
acting against a fluid within a chamber within the tubular body when moving
to the release position; and   - i5  a metering jet along a fluid flow path
from the fluid chamber to an annulus about the tubular body, such that
fluid pressure within the throughbore restrains movement of the piston to
the release position until fluid is forced through the metering jet,
thereby preventing release of the liner wiper plug until the piston moves
to the release position. 10. The plug holder sub as defined in Claim 9,
wherein the plug holder sub is positioned on a lower end of a liner hanger
running toot, and the wiper plug is a liner wiper plug. 11. The plug holder
as defined in Claim 10, wherein the liner wiper plug includes an internal
seat, such that a pump down plug landed on the liner wiper plug allows for
the increase in fluid pressure within the tubular body. 12. The plug holder
sub as defined in any one of Claims 9 to 11, wherein the fluid m the
chamber has a known viscosity. 13. The plug holder as defined in any one of
Claims 9 to 12) herein the retainer member is a C-shape ring which is
radially expanded when the piston is in the release position to release the
wiper plug, and the C-shaped ring has internal gripping members for
gripping engagement with the liner roper plug.   



t~ 14. A method of supporting a finer wiper plug on a conveyance tubular
and for releasing the liner wiper plug in response to an increase. in fluid
pressure within the conveyance tubular, the method comprising: providing a
generally tubular body adapted for connection with the conveyance tubular
and having a throughbore in fluid communication with the conveyance
tubular; providing a retainer member for attaching the liner wiper plug to
the tubular body, the retainer member movable from a retaining position to
a release position for releasing the liner wiper plug from the tubular
body) moving a piston within the tubular body in response to fluid pressure
within the throughbore from a retaining position for preventing the
releasing member from moving to the release position, the piston acting
against a fluid within a chamber within the tubular body when moving to the
release position; metering discharge of fluid along a fluid flow path from
the fluid chamber to an annulus about the tubular body, such that fluid
pressure within the throughbore restrains movement of the piston to the
release position until fluid is forced through a metering jet, thereby
preventing release of the liner wiper plug until the piston moves to the
release position; allowing the retainer member to move to the release
position when the piston is in the release position) thereby releasing the
liner wiper plug from the tubular body; and   -17 monitoring a drop in
fluid pressure in response to the release of the liner wiper plug. 15. The
method as defined in Claim 14, wherein the retainer member includes
providing-a C-shape ring which is radially expanded when the piston is in
the release position to release the liner wiper plug. 16. The method as
defined in Claim 15, further comprising: 



providing internal gripping members on the C-shaped ring for gripping
engagement with the finer wiper plug. 17. The method as defined in arty one
of Claims 14 to 16, wherein the piston is moveable axially from the
retaining position to the release position. 18 The method as defined in
Claim 17, wherein a radially interior surface of the piston engages the
retainer member to prevent the retainer member from moving to the release
position, and axial movement of the piston releases the retainer member to
the release position.   _l8_ 19. The method as defined in any one of Claims
14 to 18, further comprising: providing an internal seat on the liner wiper
plug, such that a pump down plug landed on the liner wiper plug allows for
the increase in fluid pressure within the tubular body. .AFH.A5Y_.A53E
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