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IRIS VALVE TYPE WELL ANNULAR PRESSURE CONTROL DEVICE AND
METHOD

Background

[0001] This disclosure relates to methods and apparatus for drilling and completing oil
and gas wells. More particularly, the disclosure relates to well control and pressure

management within a wellbore during drilling, completion and related operations.

[0002] Presently there are a number of apparatus and methods known in the art for well
pressure control and managing wellbore pressure during drilling operations. The methods
include pressure control apparatus and methods, and closed loop managed pressure
drilling. Well pressure control may be performed by annular or ram-type well pressure
control apparatus, known as “blowout preventers” (BOPS), examples of which are
described in Rector, U.S. Pat. No. 2,593,793 and Burton et al., U.S. Pat. No. 4,605,195A

[0003] Annular well pressure control apparatus may have lower pressure ratings, and
have expensive, large elastomeric seal elements that require regular replacement. Pipe
ram well pressure control apparatus comprise limited diameter ranges for sealing against
through-passing pipe, and also cannot seal against diameter upset, such as exist on
ordinary threaded connections between adjacent sections (“joints™) of pipe. Pipe rams
also have no stripping ability, no sealing capability when pipe is not present, and inability

to seal in above and below flow directions.

[0004] In managed pressure drilling, wellbore annular pressure is actively controlled by
operating a variable flow restrictions such as a variable orifice choke in a fluid return line
fluidly connected to an annulus between the wall of the wellbore and a pipe string such as
a drill string. Due to various tubulars being run in and out of the wellbore, ordinary
chokes are not suitable to be directly connected to the wellbore. In order to overcome this
constraint, fluid returned from the annulus redirected through a rotating control device
(“RCD”) similar to that described in, Williams et al., U.S. Pat. No. 5,662,181. The RCD

is installed above the BOP and closes the annular space around the drill pipe (or other
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tubulars) which causes fluid returns to be directed through a system which can control

and monitor annular pressure using pumps, chokes, pressure sensors and flow meters.

[0005] Managed pressure drilling may provide several advantages over conventional
drilling including: Accurate control over bottom hole pressure; reduced occurrence of
wellbore problems like ballooning and differential sticking; the ability to drill with
reduced drilling fluid density (mud weight); reducing hydraulic friction pressure; and

early formation fluid influx (“kick™) detection.

[0006] A drawback of not being able to have the choke directly installed to the
throughbore of the well is the need to use a RCD for wellbore pressure control. Typically
RCDs have elastomeric elements that are used to seal onto the pipe in the wellbore. These
elastomeric elements are subject to rapid wear and need to be changed frequently in
operations. This adds significant cost to such operations. An additional drawback with
managed pressure drilling is that a large number of modifications need to be made to a
conventional drilling unit in order to facilitate managed pressure drilling operations.
These modifications include substantial pipe work and finding space for rig based

managed pressure drilling equipment to be located.

[0007] It would be desirable to have an annular pressure control device that could

perform the functions of a conventional annular BOP, ram BOP, RCD and choke.

[0008] It is desirable to have an annular pressure control device installed directly to the

throughbore for managed pressure drilling operations.

[0009] It is desirable to have an annular pressure control device that requires a minimum

number of drilling unit modifications to be used.

[0010] It is desirable to have an annular pressure control device that does not require

frequent replacement of elastomeric elements.

Summary

[0011] A well annular pressure control device according to one aspect of the disclosure

comprises a housing having a through bore and at least one iris valve within the housing.
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The iris valve comprises a plurality of vanes operable between an open position and a
closed position to define an opening. An actuator is coupled to the plurality of vanes to

move the plurality of vanes between the open position and the closed position.

[0012] In some embodiments, the actuator comprises a motor rotationally coupled to a
cam plate, the cam plate having slots therein engageable with a cam pin on each of the
plurality of vanes, wherein the slots are shaped to move the cam pins radially with respect

to the through bore when the cam plate is rotated.

[0013] Some embodiments further comprise a stationary plate disposed in the housing

and arranged to movably support the plurality of vanes.

[0014] In some embodiments, the cam plate is rotatably supported in the housing by a

bearing.

[0015] Some embodiments further comprise a first seal disposed between the housing
and the cam plate, a second seal disposed between the cam plate and each of the plurality

of vanes and a third seal disposed between the plurality of vanes and the stationary plate.

[0016] In some embodiments, the motor comprises at least one of an electric motor, an

hydraulic motor and a pneumatic motor.

[0017] In some embodiments, the rotatable coupling between the motor and the cam
plate comprises a pinion gear on an output shaft of the motor and a ring gear disposed on

an outer circumference of the cam plate.

[0018] In some embodiments, the peach vane in the plurality of vanes comprises a
leading edge, and the leading edge comprises at least one of a seal element, a wear

resistant coating and a wear resistant element.

[0019] In some embodiments, each of the plurality of vanes comprises a curved leading

edge.

[0020] In some embodiments, a curvature of the curved leading edge is selected to

optimize sealing against a selected diameter pipe.
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[0021] In some embodiments, each of the plurality of vanes comprises a seal on at least
one of a leading edge and a trailing edge, the seal arranged to sealingly engage an

adjacent one of the plurality of vanes.

[0022] Some embodiments further comprise at least two iris valves disposed in the
housing each iris valve comprising a plurality of vanes operable between an open
position and a closed position to define an opening and an actuator coupled to the
plurality of vanes to move the plurality of vanes between the open position and the closed

position.

[0023] In some embodiments, each of the iris valves is separately operable to define a

corresponding size opening.

[0024] In some embodiments, at least one of the plurality of vanes comprises at least one
flow orifice, wherein the iris valve enables fluid flow when the plurality of vanes is in the

closed position.

[0025] In some embodiments, a diameter of the opening defined when the plurality of
vanes is in the open position is at least as large as an internal diameter of the through

bore.

[0026] A method for controlling fluid flow out of a well according to another aspect
includes returning fluid pumped into the well through a pipe disposed in the well through
an annular space between the pipe and part of the well. An annular control device in the
part of the well is operated. The annular control device comprises a housing having a
through bore and at least one iris valve within the housing. The iris valve comprises a
plurality of vanes operable between an open position and a closed position to define an
opening and an actuator coupled to the plurality of vanes to move the plurality of vanes
between the open position and the closed position. The plurality of vanes is moved to a

selected position to restrict the fluid flow by a selected amount.

[0027] In some embodiments the selected position is controlled to maintain a selected

fluid pressure in the annular space.
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[0028] A method for operating an annular control device in a wellbore according to
another aspect includes that the annular control device comprises a housing having a
through bore and at least two axially separated iris valves within the housing. Each iris
valve comprises a plurality of vanes operable between an open position and a closed
position to define an opening and an actuator coupled to the plurality of vanes to move
the plurality of vanes between the open position and the closed position. The method
according to this aspect includes operating a first one of the at least two iris valves to
close against a pipe. A second one of the at least two iris valves is closes against an
enlarged external diameter feature on the pipe. The pipe is moved longitudinally until the
enlarged external diameter feature is disposed proximate the first one of the at least two
iris valves. The first one of the at least two iris valves is opened to enable movement of
the enlarged external diameter feature into the first one of the at least two iris valves. The
pipe is moved until the enlarged external diameter feature clears the second one of the at

least two iris valves. The second one of the at least two iris valves is closes against the
pipe.

[0029] A method for operating an annular control device in a wellbore according to
another aspect include the annular control device comprising a housing having a through
bore and at least two axially separated iris valves within the housing, each iris valve
comprising a plurality of vanes operable between an open position and a closed position
to define an opening and an actuator coupled to the plurality of vanes to move the
plurality of vanes between the open position and the closed position. The method

includes:

a) opening a first one of the at least two iris valves;

b) operating a second one of the at least two iris valves to define an opening
smaller than that defined by the fully open position;

¢) moving fluid through the first and second iris valves;

d) opening the second iris valve to the fully open position; and

e) closing the first iris valve to define an opening smaller than that defined by the

fully open position.



[0030] Some embodiments further comprise repeating a) through e) above at selected

times to reduce build-up of solids in the annular control device.

[0031] Some embodiments further comprise measuring pressure of the fluid and
determining presence of solids in the annular control device from the measurements of

pressure.

[0031.1] In accordance with an aspect of at least one embodiment, there is provided a well
annular pressure control device, comprising: a housing having a through bore and at least
two iris valves within the housing; each iris valve comprising a plurality of vanes
operable between an open position and a closed position to define an opening; wherein at
least one vane of the plurality of vanes comprises at least one flow orifice; at least one
actuator coupled to the plurality of vanes to move the plurality of vanes between the open
position and the closed position, wherein each of the iris valves is separately operable to

define a corresponding size opening.

[0031.2] In accordance with an aspect of at least one embodiment, there is provided a
method for operating an annular control device in a wellbore, the annular control device
comprising a housing having a through bore and at least two axially separated iris valves
within the housing, each iris valve comprising a plurality of vanes operable between an
open position and a closed position to define an opening and at least one actuator coupled
to the plurality of vanes to move the plurality of vanes between the open position and the
closed position, the method comprising: operating a first one of the at least two iris valves
to close toward a pipe; operating a second one of the at least two iris valves to close
toward an enlarged external diameter feature on the pipe; moving the pipe longitudinally
until the enlarged external diameter feature is disposed proximate the first one of the at
least two iris valves; opening the first one of the at least two iris valves to enable
movement of the enlarged external diameter feature into the first one of the at least two
iris valves; moving the pipe until the enlarged external diameter feature clears the second
one of the at least two iris valves; and operating the second one of the at least two iris

valves to close toward the pipe.

[0031.3] In accordance with an aspect of at least one embodiment, there is provided a

method for operating an annular control device in a wellbore, the annular control device

6
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comprising a housing having a through bore and at least two axially separated iris valves
within the housing, each iris valve comprising a plurality of vanes operable between an
open position and a closed position to define an opening and at least one actuator coupled
to the plurality of vanes to move the plurality of vanes between the open position and the
closed position, the method comprising: a. opening a first one of the at least two iris
valves; b. operating a second one of the at least two iris valves to define an opening
smaller than that defined by the fully open position; ¢. moving fluid through the first and
second iris valves; d. opening the second iris valve to the fully open position; and e.
closing the first iris valve to define an opening smaller than that defined by the fully open
position.

Brief Description of the Drawings

[0032] FIG. 1 shows a plan view of an example embodiment of an iris valve according to

the present disclosure.
[0033] FIG. 2 shows a cross-sectional view of an iris valve as shown in FIG. 1.

[0034] FIG. 2A shows an oblique view of the iris valve of FIG. 1 wherein vanes are fully

opened.

[0035] FIG. 2B shows a cut away portion of the view in FIG. 2A to illustrate a ring gear,

bearings and motors.

[0036] FIG. 2C shows a further cut away view of FIG. 2B to illustrate vanes and cam

pins used to move the vanes.

[0037] FIG. 2D shows a cam plate used to move the cam pins shown in FIG. 2C.

[0038] FIG. 2E shows another view of the iris valve of FIG. 2B wherein the vanes are
fully closed.

[0039] FIG. 3 shows one embodiment having flow orifices in one or more vanes and

wherein an annular flow space may be maintained between the vanes and a pipe string.

[0040] FIG. 4 shows a view as in FIG. 2 wherein opening vanes in the iris valve of FIG.

2 nay be sequenced to maintain closure while running a tool joint.

[0041] FIG. 5 shows an iris valve assembled to a BOP on a land based drilling unit.
6a
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[0042] FIG. 6 shows an iris valve assembled to a BOP stack coupled to a subsea
wellhead.

6b
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[0043] FIG. 7 shows a detailed view of one of the vanes.

[0044] FIG. 8 shows a cross-sectional view of seal elements engaged with a vane, the

cam plate, the stationary plate and the housing of an iris valve.

[0045] FIG. 9 shows an example embodiment of seals that may be used between adjacent

vanecs.

[0046] FIG. 10 shows an embodiment having curved face vanes to enhance sealing

against a pipe passing through the iris valve.

[0047] FIG. 11 shows a detailed view of curved face vanes.

Detailed Description

[0048] An annular pressure control device in the form of an iris valve would be suitable
for well control and annular pressure control. Such a valve may be called an Annular
Control Device or ACD. Iris valves have been developed for use as flow control devices.
Iris valves function by constricting flow cross-sectional area, they have a plurality of
vanes which can be operated to reduce or block flow of fluids. Iris valves in general are
similar to those described in Barbato, U.S. Pat No. 2,649,272. Iris valves known in the
art can only withstand small differential pressures and therefore may not be suitable for

use in flow control / choke applications.

[0049] It would be desirable for an iris valve to be capable of withstanding large pressure

drops and be suitable for high pressure, temperature and sour gas service.

[0050] It would be desirable for an iris valve to be able to seal around a tubular in a

similar functionality to an annular BOP, ram BOP or RCD.

[0051] It would be desirable for an iris valve to be able to handle the cuttings and other

solids and fluids produced and interacted with during drilling operations.

[0052] FIG. 1 shows a plan view of an example embodiment of an iris valve ACD
according to the present disclosure. The ACD 10 may comprise a housing 12 having
features to enable coupling the housing 12 into a riser or other conduit through which it is

desired to control flow therethrough, whether a second conduit, shown at 60, is nested in

7
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such riser or conduit or the riser or conduit has no such second conduit 60. The housing
12 may define a through bore (12C in FIG. 2A). A plurality of vanes 14 may be moved
radially inwardly and outwardly to define an opening (14A in FIG. 2A) having a
selectable diameter. In some embodiments, the vanes 14 and the housing 12 may be
made from steel or other high strength metal. In some embodiments, the vanes 14 and
the housing 12 may be made from material that can withstand degradation when in

contact with reactive materials such as acids and hydrogen sulfide.

[0053] Components to be described further below may be used to move the vanes 14
between a fully open position and a fully closed position. In some embodiments, the vane
movement may be obtained by transmitting rotation of one or more motors 20 to operate
the components to move the vanes 14. The motors 20 may be electric motors, pneumatic
motors or hydraulic motors, although the type of motor is not intended to limit the scope
of the present disclosure. The housing 12 may comprise sections (FIG. 2) held together
by cap screws 11 or other suitable fasteners. In FIG. 1, the vanes 14 are shown moved to
a position to engage the exterior of the second conduit or pipe 60 so as to close and seal
between the housing 12 and the second conduit 60. In principle, the vanes 14 are shaped
such that when all operated simultaneously (as explained below with reference to some
embodiments) the vanes 14 define an approximately circular opening having a diameter
that may be varied from the same as the through bore in the housing 12 to fully closed so

as to stop fluid flow therethrough.

[0054] FIG. 2 shows a cross-sectional view of an ACD having two iris valves. As
explained above, the housing 12 may comprise an upper housing section 12A and a lower
housing section 12B, each of which has suitably mounted thereto one of the motors 20.
Each motor 20 may rotate a corresponding pinion gear 20A. Each pinion gear 20A may
engage a corresponding bull gear or ring gear 22. Each ring gear 22 may be affixed to an
outer circumference of a corresponding cam plate 16. Each cam plate 16 may be
rotatably supported in the respective housing section 12A, 12B on a respective bearing
13. Each housing section 12A 12B may comprise a respective stationary plate 18 on
which a plurality of the vanes 14 as explained with reference to FIG. 1 may movably be

placed. The vanes 14 disposed in the upper housing section 12A are shown in the fully

8
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opened position; the vanes 14 disposed n the lower housing section 12B are shown in the
fully closed position. Each ring gear 22, cam plate 16, set of vanes 14, stationary plate
and respective bearing 13 disposed in each of the housing sections 13 are components of
a single iris valve. Thus the embodiment shown in FIG. 2 comprises two iris valves in a

single housing 12.

[0055] As will be further explained, operating the vanes 14 in the upper housing section
12A and the lower housing section 12B independently to define different diameter
openings (e.g., 14A in FIG. 2C and 2E) may enable moving conduit through the ACD 10
having different diameter features along its length while maintaining fluid seal against the
conduit (60 in FIG. 1). While the example embodiment shown in FIG. 2 comprises a
rotating cam plate to move the vanes 14 between open and closed positions, any other
form of actuator such as linear actuators and corresponding linkages may be used to
move the vanes 14 accordingly. As used herein, an “actuator” comprises any one or
more devices capable of moving the vanes 14 in any one iris valve between fully open

and fully closed positions, preferably synchronously.

[0056] FIG. 2A shows an oblique view of the ACD 10 wherein the vanes 14 are moved
to the fully open position so as to define an opening 14A that traverses a full internal
diameter of the housing 12. Having the capability to open to such diameter enables the
ACD 10 according to the present disclosure to have passed therethrough larger diameter
conduit and other devices than may be possible using certain types of BOP and RCDS

known in the art.

[0057] FIG. 2B shows a cut away portion of the view in FIG. 2A to illustrate the ring
gears 22, bearings 13 and motors 20. The ACD 10 in FIG. 2B is shown in the fully

opened position to define an opening 14A as explained with reference to FIG. 2A.

[0058] FIG. 2C shows a further cut away view of FIG. 2B to illustrate the vanes 14 and
cam pins 16A used to move the vanes 14. FIG. 2D shows the cam plate 16 used to move
the cam pins 16A shown in FIG. 2C. As the motor 20 turns the pinion gear 20A, the ring
gear 22 is correspondingly rotated. Such corresponding rotation rotates the cam plate 16,

which is coupled to the ring gear 22. Rotating the cam plate 16 causes slots 16A1 in the
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cam plate 16 to move with respect to the correspondingly engaged cam pin 16A. Slots
16A1 arranged as shown in FIG. 2D when moved with respect to each corresponding
cam pin 16A causes each corresponding cam pin 16A to move radially with respect to the
fixed plate 18, thereby moving each corresponding vane (14 in FIG. 2C) to move
inwardly or outwardly. Such motion as explained above changes the diameter of an

opening (14A in FIG. 2C) defined by the vanes (14 in FIG. 2C).

[0059] FIG. 2E shows another view of the iris valve of FIG. 2B wherein the vanes are
fully closed.
[0060] FIG. 3 shows one embodiment having flow orifices 14B in one or more vanes 14

and wherein an annular flow space 14C may be maintained between the vanes 14 and a
pipe or conduit 60. The flow orifices 14B may provide that the ACD 10 does not fully
close fluid flow, even when the vanes 14 are fully closed against the pipe 60, e.g., as
shown in FIG. 1. In the example embodiment shown in FIG. 3, fluid flow through the
ACD 10 may be maintained at a selected rate above that enabled by full closure of the
vanes 14 by maintaining the annular flow space 14C at a selected width. For example,
the width of the annular flow space 14C may be maintained at a selected amount. In some
embodiments, the annular clearance between the vanes and the pipe may be maintained

between 0.000” and 0.500.” In some embodiments, the width may be greater than 0.500.”

[0061] In some embodiments, a fluid flow back pressure created and controlled by
closing the vanes 114 as shown in FIG. 3 may be between zero and 2,500 pounds per
square inch (psi). In some embodiments, the width may be automatically adjusted in
response to estimated and/or measured pressure in a well. Some embodiments may

withstand pressure differential across the ACD in excess of 2,500 psi.

[0062] FIG. 4 shows a view as in FIG. 2 wherein opening vanes in the iris valve of FIG.
2 nay be sequenced to maintain closure while running a tool joint. As shown in FIG. 4,
the vanes 14 in the upper housing section 12A may be opened to enable free passage of
the pipe or conduit 60. The pipe or conduit 60 may include an enlarged outer diameter
section 60A such as threaded couplings disposed at each longitudinal end of each

segment (“joint”) of the pipe or conduit 60. One example of such enlarged outer

10
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diameter section 60A is known as a “tool joint.” As the pipe 60 is moved downwardly
through the ACD 10, the vanes 14 in the lower housing section 12B may be closed
against the pipe 60 while the tool joint 60A is free to move through the open vanes 14 in
the upper housing section 12A until it is adjacent to the vanes 14 in the lower housing
section 12B. At such time, the vanes 14 in the upper housing section 12A may be closed
against the tool joint 60A while the vanes 14 in the lower housing section 12B are opened
to enable passage of the tool joint 60A. When the tool joint 60A moved longitudinally
below the vanes 14 in the upper housing section 12A, the vanes 14 in the upper housing

section 12A may be closed against the pipe 60.

[0063] Opening the vanes in the iris valve of FIG. 2 as explained above may also be used
to avoid, reduce or alleviate build-up of drill cuttings and other solid material so as to
restrict flow between the vanes 14 and a pipe 60 disposed within the ACD 10. While
fluid is being pumped through the pipe 60 and returned in the annular space between the
well and the pipe 60, the vanes 14 in the lower housing section 12B may be opened, in
some embodiments to the fully opened position (see FIG. 2A and accompanying
description). The vanes 14 in the upper housing section 12A may be moved to a selected
position so as to fully seal against the pipe 60 (see FIG. 1) or to provide a selected
annular flow space (see FIG. 3 and accompanying description) wherein a selected
wellbore fluid pressure may be maintained while fluid is being pumped into the pipe 60
and thereby into the well below. If measured fluid pressure is within a selected threshold
difference from an expected pressure (based on, among other parameters, fluid properties,
well length, pumping pressure and annular flow space cross sectional area), it may be
concluded that the upper iris valve in the ACD is operating correctly. Then the vanes 14
in the lower housing section 12B may be opened, e.g., in some embodiments to the fully
opened position and the vanes 14 in the upper housing section 12A may be closed to the
same aperture as were the vanes in the lower housing section previously. Measuring
pressure may be repeated to confirm operation of the upper iris valve in the ACD 10. In
some embodiments, the vanes in the upper housing section and the lower housing section
may be operated as described without measuring pressure; such operation may be

performed at selected times so as to alleviate cuttings build-up before a problem occurs.
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[0064] FIG. 5 shows an ACD 10 assembled to a BOP stack 50 on a land based drilling
unit 40. The BOP stack 50 may be coupled at one longitudinal end to a casing head or
flange 52. The ACD 10 may be coupled directly to or spaced apart from the other
longitudinal end of the BOP stack 50. The BOP stack 50 may comprise any combination
of ram type closure elements, e.g., blind rams, shear rams and/or pipe rams. The casing
head or flange 52 may form an upper end of a well casing 54. A drill bit 51 disposed on
one end of the pipe 60 may drill formations to lengthen a well 55. Fluid returning from
the well 55 may enter an annular space 53 between the well 55 (and subsequently the
casing 54) and the pipe 60. The ACD 10 may be used to control flow between the pipe
60 and a corresponding annular space above the casing head or flange 52. Such flow

control may be used to control well annulus pressure.

[0065] FIG. 6 shows an ACD 10 assembled to a BOP stack 50 coupled to a subsea
wellhead 52 disposed below a floating platform 42 in marine applications. In the
embodiments shown in FIG. 5 and FIG. 6, an ACD 10 as explained herein may be used in
conjunction with or in substitution of any one or more components of the respective BOP

stacks 50.

[0066] In embodiments such as shown in FIG. 5 and FIG. 6, fluid returning from the well
and flowing in the annular space between the pipe and the well/casing/BOP stack and
ACD may be throttled by operating the ACD as explained above. In some embodiments,
a fluid discharge line (56 in FIG. 5) may be coupled to the annular space below the ACD
10 so that the ACD 10 may be used as a rotating control device (RCD). In some
embodiments the ACD 10 may be operated to enable flow at all times through the
annular space, such as explained with reference to FIG. 1 and FIG. 3. In some
embodiments, the ACD may be operated to control a width of the annular flow space

(14C in FIG. 3) to maintain a selected fluid pressure in the annular space, and thereby in
the well (55 in FIG. 5).

[0067] FIG. 7 shows a detailed view of one of the vanes 14. Each vane 14 may comprise
a leading edge 14D, a trailing edge 14F and a cam pin 16A. The leading edge 14D may

comprise any combination of a seal element 14E such as may be made from elastomer or
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other seal material and/or a wear resistant coating or layer. The leading edge 14D is in
contact with the trailing edge 14F of an adjacent vane 14. Thus, the vanes 14 may
sealingly engage each other such that when fully closed against a pipe (FIG. 1) or fully
closed against each other (FIG. 2E), a fluid tight seal is created.

[0068] FIG. 8 shows a cross-sectional view of seal elements engaged with a vane 14, the
cam plate 16, the stationary plate 18 and the housing 12 of an ACD according to the
present disclosure. A feature 12C may be formed in the housing 12 to enable placement
of a seal carrier 17 having thereon seal elements 19 such as o-rings to sealingly engage
adjacent components, e.g., the housing 12 and the cam plate 16. A similar feature 16B
may be formed in the cam plate 16 for engaging a similar seal carrier 17 and seal
elements 19 between the cam plate 16 and the vanes 14. A similar feature 18A may be
formed in the stationary plate 18 to engaging a similar seal carrier 17 and seal elements
19 between the vanes 14 and the stationary plate 18. Having such seal elements may
enhance the capacity of the ACD (10 in FIG. 1) to fully close to fluid flow by creating a
fluid tight seal when the vanes 14 are closed as shown in FIG. 1 or FIG. 2E.

[0069] FIG. 9 shows an example embodiment of seals that may be used between adjacent
vanes. The leading edge 14D of one vane 14 may comprise a concave profile. An upper
surface and lower surface of the leading edge 14D may comprise respective seal elements
14E which may be substantially as explained with reference to FIG. 7. In some
embodiments, the entire leading edge 14D may have a seal element 14E disposed therein
as explained with reference to FIG. 7. The trailing edge 14F of the adjacent vane 14 may
have a convex profile and be arranged to contact the leading edge 14D of the previously
described vane 14. Seal elements 14G may be disposed on the upper and lower surfaces
of the trailing edge 14F or may cover the entire trailing edge. Thus, irrespective of the

position of the vanes 14, the corresponding edges 14D, 14F sealingly engage each other.

[0070] FIG. 10 shows an embodiment of the ACD 10 having curved leading edge vanes
114 to enhance sealing against a pipe 60 passing through the vanes 114. FIG. 11 shows

one of the vanes 114 in more detail wherein curvature in leading edge 114D is visible. In
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some embodiments, the curvature of the leading edge 114D may be chosen to optimize

sealing against a particular outer diameter of pipe.

[0071] An ACD including an iris valve according to the present disclosure may be
capable of withstanding large pressure drops and may be suitable for high pressure,
temperature and sour gas service. Such ACD having an iris valve may be able to seal
around a pipe in a similar manner as an annular BOP, a pipe ram BOP or a RCD. An
ACD according to the present disclosure having an iris valve may be able to withstand
abrasion from drill cuttings and other solids and fluids produced and interacted with

during drilling operations.

[0072] Although only a few examples have been described in detail above, those skilled
in the art will readily appreciate that many modifications are possible in the examples.
Accordingly, all such modifications are intended to be included within the scope of this

disclosure as defined in the following claims.
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Claims

What is claimed is:

1. A well annular pressure control device, comprising:

a housing having a through bore and at least two iris valves within the housing;

each iris valve comprising a plurality of vanes operable between an open position and a

closed position to define an opening;
wherein at least one vane of the plurality of vanes comprises at least one flow orifice;

at least one actuator coupled to the plurality of vanes to move the plurality of vanes

between the open position and the closed position,

wherein each of the iris valves is separately operable to define a corresponding size

opening.

2. The device of claim 1 wherein the at least one actuator comprises a motor rotationally
coupled to a cam plate, the cam plate having slots therein engageable with a cam pin on
each of the plurality of vanes, wherein the slots are shaped to move the cam pins radially

with respect to the through bore when the cam plate is rotated.

3. The device of claim 2 further comprising at least one stationary plate disposed in the

housing and arranged to movably support a set of the plurality of vanes.

4. The device of claim 2 wherein the cam plate is rotatably supported in the housing by a

bearing.

5. The device of claim 2 wherein the motor comprises at least one of an electric motor, a

hydraulic motor, and a pneumatic motor.

6. The device of claim 2 wherein the rotatable coupling between the motor and the cam
plate comprises a pinion gear on an output shaft of the motor and a ring gear disposed on

an outer circumference of the cam plate.

7. The device of claim 3 further comprising a first seal disposed between the housing and
15
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10.

11.

12.

13.

14.

the cam plate, a second seal disposed between the cam plate and each of the plurality of
vanes and a third seal disposed between the plurality of vanes and the at least one

stationary plate.

The device of claim 1 wherein the plurality of vanes each comprise a leading edge, the
leading edge comprising at least one of a seal element, a wear resistant coating and a

wear resistant element.

The device of claim 1 wherein each of the plurality of vanes comprises a curved leading

edge.

The device of claim 9 wherein a curvature of the curved leading edge is selected to

optimize sealing against a selected outer diameter pipe.

The device of claim 1 wherein each of the plurality of vanes comprises a seal on at least
one of a leading edge and a trailing edge, the seal arranged to sealingly engage an

adjacent one of the plurality of vanes.

The device of claim 1 wherein multiple vanes of the plurality of vanes each comprise at
least one flow orifice, wherein at least one of the iris valves enables fluid flow when the

plurality of vanes are in the closed position.

The device of claim 1 wherein a diameter of the opening defined when the plurality of
vanes are in the open position is at least as large as an intemal diameter of the through

bore.

A method for operating an annular control device in a wellbore, the annular control
device comprising a housing having a through bore and at least two axially separated iris
valves within the housing, each iris valve comprising a plurality of vanes operable
between an open position and a closed position to define an opening and at least one
actuator coupled to the plurality of vanes to move the plurality of vanes between the open

position and the closed position, the method comprising:
operating a first one of the at least two iris valves to close toward a pipe;

16
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15.

16.

17.

operating a second one of the at least two iris valves to close toward an enlarged external

diameter feature on the pipe;

moving the pipe longitudinally until the enlarged external diameter feature is disposed

proximate the first one of the at least two iris valves;

opening the first one of the at least two iris valves to enable movement of the enlarged

external diameter feature into the first one of the at least two iris valves;

moving the pipe until the enlarged external diameter feature clears the second one of the

at least two iris valves; and
operating the second one of the at least two iris valves to close toward the pipe.
The method of claim 14 further comprising changing an amount of opening of at least

one of the first iris valve and the second iris valve to maintain a selected pressure in an

annular space in the wellbore.

A method for operating an annular control device in a wellbore, the annular control
device comprising a housing having a through bore and at least two axially separated iris
valves within the housing, each iris valve comprising a plurality of vanes operable
between an open position and a closed position to define an opening and at least one
actuator coupled to the plurality of vanes to move the plurality of vanes between the open

position and the closed position, the method comprising:
a. opening a first one of the at least two iris valves;

b. operating a second one of the at least two iris valves to define an opening smaller than

that defined by the fully open position;

c¢. moving fluid through the first and second iris valves;

d. opening the second iris valve to the fully open position; and

e. closing the first iris valve to define an opening smaller than that defined by the fully
open position.

The method of claim 16 further comprising repeating a) through e) at selected times to

17
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reduce build-up of solids in the annular control device.

18.  The method of claim 16 further comprising measuring pressure of the fluid and
determining presence of solids in the annular control device from the measurements of

pressure.

19.  The method of claim 16 further comprising changing an amount of opening of one or
both of the axially separated iris valves to maintain a selected pressure in an annular

space in the wellbore.

18
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