WO 2008/095113PCT/US2008/052681 CHEMICAL-INJECTION MANAGEMENT SYSTEM CROSS
REFERENCE TO RELATED APPLICATION [0001] This application claims priority to U.S. Provisional
Patent App/N&¥¥I8588/898,836, entitled "Chemical-Injection ManagemeRETAERIGB051681 on
February 1, 2007, which is herein incorporated by reference. BACKGROUND [0002]This section is
intended to introduce the reader to various aspects of art that may be related to various aspects of the
present invention, which are described and/or claimed below. This discussion is believed to be helpful
in providing the reader \GHEMIBNIOUNI BEOTHOMN MAN AGHMENTISUSTEMerstanding of the various
aspects of the present invention. Accordingly, it should be understood that these statements are to be
read in this light, and not as admissions of prior art. [0003]Wells are often used to access resources
below the surface of the earth. For instance, oil, natural gas, and water are often extracted via a well.

Some VCHOSS REFERENTCE TORBISAFEDVAPPEICATRONthe earth, e.g., to sequester carbon
dioxide, to store natural gas for later use, or to inject steam or other substances near an oil well to

enhanc very, Due to the,value, of these. supsurfa esources, wells are often drilled at great
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2007, which is herein incorporated by reference.

BACKGROUND

[0002] This section is intended to introduce the reader to various aspects of art that
may be related to various aspects of the present invention, which are described and/or
claimed below. This discussion is believed to be helpful in providing the reader with
background information to facilitate a better understanding of the various aspects of the
present invention. Accordingly, it should be understood that these statements are to be

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

[0003] Wells are often used to access resources below the surface of the earth. For
instance, oil, natural gas, and water are often extracted via a well. Some wells are used
to inject materials below the surface of the earth, e.g., to sequester carbon dioxide, to
store natural gas for later use, or to inject steam or other substances near an oil well to
enhance recovery. Due to the value of these subsurface resources, wells are often
drilled at great expense, and great care is typically taken to extend their useful life.

[0004] Chemical-injection management systems are often used to maintain a well
and/or enhance throughput of a well. For example, chemical-injection management
systems are used to inject corrosion-inhibiting materials, foam-inhibiting materials, wax-
inhibiting materials, and/or antifreeze to extend the life of a well or increase the rate at
which resources are extracted from a well. Typically, these materials are injected into
the well in a controlled manner over a period of time by the chemical-injection

management system.



and/or enhance throughput of a well. For example, chemical-injection management systems are used
to inject corrosion-inhibiting materials, foam-inhibiting materials, wax-inhibiting materials, and/or
antifreeze tOVéxe8PI0Td e of a well or increase the rate at which resource®aFUSHEAE®Ttom a well.
Typically, these materials are injected into the well3n a controlled manner over a period of time by the
chemical-injection management system. WO 20081095113PCT/US2008/052681 2 [0005]The life of a
chemical-injection management system may be limited by its mechanical components, such as
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the cost of operating a well, for instance.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] These and other features, aspects, and advantages of the present invention
will become better understood when the following detailed description of certain
exemplary embodiments is read with reference to the accompanying drawings in which

like characters represent like parts throughout the drawings, wherein:

[0007] FIG. 1 is a perspective view of an exemplary resource extraction system in
accordance with an embodiment of the present technique;

[0008] FIG. 2 is a partial perspective view of the resource extraction system of FIG.1
that depicts an exemplary chemical-injection management system and a valve
receptacle in accordance with an embodiment of the present technique;

[0009] FIG. 3 is a rear-perspective view of the chemical-injection management
system of FIG. 2;

[0010] FIG. 4 is a perspective view of the valve receptacle of FIG. 2;

[0011] FIG. 5is a cutaway view of the chemical-injection management system of
FIG. 2;

[0012] FIG. 6 is a side-view of an exemplary flow regulator in accordance with an

embodiment of the present technique;

[0013] FIG. 7 is a cross-sectional view of an exemplary valve in accordance with an
embodiment of the present technique;



accordance with an embodiment of the present technique; [0008]FIG. 2 is a partial perspective view of
the resource extraction system of FIG.1 that depicts an exemplary chemical-injection management
system and WQ3\e/9&Tdptacle in accordance with an embodiment of the prBSEHIAGARAGE!
[0009]FIG. 3 is a rear-perspective view of the cherical-injection management system of FIG. 2;
[0010]FIG. 4 is a perspective view of the valve receptacle of FIG. 2; [0011]FIG. 5 is a cutaway view of
the chemical-injection management system of FIG. 2; [0012]FIG. 6 is a side-view of an exemplary flow
regulat¢@@14arcorlBee vgith dia granipositienica? bie psekpatriepiatquef FIG. 6;

[0015] FIG. 9is a flowchart of an exemplary flow control process in accordance with
an embodiment of the present technique;

[0016] FIG. 10 is a cross-sectional view of an exemplary pressure equalizer in

accordance with an embodiment of the present technique;

[0017] FIG. 11 is a flowchart depicting an exemplary pressure equalization process
in accordance with an embodiment of the present technique;

[0018] FIG. 12 is a cross-sectional view of an exemplary flow meter in accordance

with an embodiment of the present technique;

[0019] FIGS. 13-16 are a cross-sectional views of the flow meter of FIG. 12 in four

sequential stages of operation;

[0020] FIGS. 17 and 18 are graphs depicting position sensor signals from the flow

meter of FIG. 12 during forward fluid flow and reverse fluid flow, respectively;

[0021] FIG. 19 is a graph depicting needle position versus flow coefficient for the
valve of FIG. 7; and

[0022] FIG. 20 is a flowchart depicting an exemplary valve-adjustment procedure in

accordance with an embodiment of the present technique.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

[0023] One or more specific embodiments of the present invention will be described
below. These described embodiments are only exemplary of the present invention.
Additionally, in an effort to provide a concise description of these exemplary
embodiments, all features of an actual implementation may not be described in the
specification. It should be appreciated that in the development of any such actual

implementation, as in any engineering or design project, numerous implementation-



WO 2008/095113PCT/US2008/052681 3 [0014]FIG. 8 is a diagrammatic view of the flow regulator of
FIG. 6; [0015]FIG. 9 is a flowchart of an exemplary flow control process in accordance with an
embodimen¥Vé¥ 20e80A5sEht technique; [0016]FIG. 10 is a cross-sectional vi@ P s eenqshry
pressure equalizer in accordance with an embodinfent of the present technique; [0017]FIG. 11 is a
flowchart depicting an exemplary pressure equalization process in accordance with an embodiment of
the present technique;

specific decisions must be made to achieve the developers’ specific goals, such as

compliance with system-related and business-related constraints, which may vary from
one implementation to another. Moreover, it should be appreciated that such a
development effort might be complex and time consuming, but would nevertheless be a
routine undertaking of design, fabrication, and manufacture for those of ordinary skill
having the benefit of this disclosure.

[0024] When introducing elements of various embodiments of the present invention,

the articles “a,” “an,” “the,” and “said” are intended to mean that there are one or more

of the elements. The terms “comprising,” “including,” and “having” are intended to be
inclusive and mean that there may be additional elements other than the listed

elements. Moreover, the use of “top,” “bottom,” “above,” “below,” and variations of
these terms is made for convenience, but does not require any particular orientation of

the components.

[0025] Certain exemplary embodiments of the present invention include a chemical-
injection management system that addresses one or more of the above-mentioned
inadequacies of conventional chemical-injection management systems. Some
embodiments may include a flow regulator that has a positive-displacement flow meter,
which, as explained below, may remain accurate over longer periods of time and under
a wider variety of conditions than flow meters used in conventional flow regulators. In
some embodiments, the flow regulator may be configured to exercise direct, feed-
forward control of a valve, without using a nested valve-positioning feedback control
loop. As explained below, flow regulators exercising feed-forward control of the valve
may remain accurate over longer periods of time than systems exercising feedback
control, which typically relies on system constants that may not be appropriate when
valve components have worn or other conditions have changed. Additionally, or
alternatively, some embodiments may immerse components of the chemical-injection
management system in a protective fluid, such as oil, to reduce wear on moving
components and potentially extend their useful life. To this end, some embodiments
may have a sealed housing to contain the protective fluid and a pressure equalizer to
reduce hydrostatic loads in subsea applications, as explained below. Prior to



[0018]FIG. 12 is a cross-sectional view of an exemplary flow meter in accordance with an embodiment
of the present technique; [0019]FIGS. 13-16 are a cross-sectional views of the flow meter of FIG. 12 in
four sequenyA? 23088/8%5b¥operation; [0020]FIGS. 17 and 18 are graphs depR€&hg' pHsHiBRaHdnsor
signals from the flow meter of FIG. 12 during forward fluid flow and reverse fluid flow, respectively;
[0021]FIG. 19 is a graph depicting needle position versus flow coefficient for the valve of FIG. 7; and
[0022]FIG. 20 is a flowchart depicting an exemplary valve-adjustment procedure in accordance with an
embodiauzitteéithg theese fddantsidueletail, aspects of a system that may employ such a

chemical-injection management system are discussed.

[0026] FIG. 1 depicts an exemplary resource extraction system 10 that may include
a well 12, what is colloquially referred to as a “christmas tree” 14 (hereinafter, a “tree”),
a chemical-injection management system 16, and a valve receptacle 18. The illustrated
resource extraction system 10 can be configured to extract hydrocarbons (e.g., oil
and/or natural gas). In some embodiments, the resource extraction system 10 may be
land-based or disposed a subsea, and/or configured to extract or inject other

substances, such as those discussed above.

[0027] When assembled, the tree 14 may couple to the well 12 and include a variety
of valves, fittings, and controls for operating the well 12. The chemical-injection
management system 16 may be coupled to the tree 14 by the valve receptacle 18. The
tree 14 may place the chemical-injection management system 16 in fluid communication
with the well 12. As explained below, the chemical-injection management system 16
may be configured to regulate the flow of a chemical through the tree 14 and into the

well 12.

[0028] FIG. 2 is a perspective view of the chemical-injection management system 16
mated with the valve receptacle 18. As illustrated, the chemical-injection management
system 16 may include a flow regulator 20, a pressure equalizer 22, a housing 24, a
tree interface 26, and an ROV (remotely operated vehicle) interface 28. As described in
reference to FIGS. 5-8, the flow regulator 20 may include components that reduce the
likelihood of the flow regulator 20 losing accuracy over time. As discussed in reference
to FIGS. 10 and 11, the pressure equalizer 22 may facilitate the inclusion of a protective
fluid, which is believed to extend the life of moving components within the housing 24.
Prior to addressing these features in detail, other components of the chemical-injection

management system 16 are discussed.

[0029] With reference to FIGS. 2 and 3, the housing 24 may include an outer-end
plate 46, a side wall 48, a handle 50, an inner-end plate 52, and a tree-interface shield
54. The side wall 48 and end plates 46 and 52 may be made from a generally rigid,



DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS [0023]One or more specific embodiments
of the present invention will be described below. These described embodiments are only exemplary of
the present MOSi#AIAitionally, in an effort to provide a concise descriptRS§iT3ISHE8®R & mplary
embodiments, all features of an actual implementation may not be described in the specification. It
should be appreciated that in the development of any such actual implementation, as in any
engineering or design project, numerous implementation- WO 2008/095113PCT/US2008/052681 4
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made for convenien oes not require any p_artlcufar orientation of the components.
[0025]Cuitighcexereplanp8mbbthmeresentieapediarenbveiiticherersestivoreithcakey 56, the

components of the tree interface 26 may be generally disposed within the tree-interface
shield 54. These components may be configured to electrically, fluidly, and/or
mechanically couple the chemical-injection management system 16 to the tree 14 via
complementary components on the valve receptacle 18, as explained below after
discussing the ROV interface 28.

[0031] The ROV interface 28 will now be described with reference to FIGS. 2 and 5.
The illustrated ROV interface 28 may include apertures 70, a flared grip 72, slots 74 and
76, and a torque-tool interface 78. In some embodiments, the ROV interface 28 may be
an API 17D class 4 ROV interface. The ROV interface 28 may be attached to the outer-
end plate 46. The torque-tool interface 78, which may be configured to coupled to a
torque tool on an ROV, may be disposed within the flared grip 72 and generally

symmetrically between the slots 74 and 76.

[0032] As illustrated by FIG. 5, the torque-tool interface 78 may be coupled to an
internal drive mechanism that includes a driveshaft 80, a threaded coupling 82, and a
cam 84 that is linked to the latch 62. The operation of these components will be

described after discussing features of the valve receptacle 18.

[0033] FIGS. 2 and 4 illustrate the exemplary valve receptacle 18. Starting with the
features depicted by FIG. 2, the valve receptacle 18 may include a fluid inlet 86, a fluid
outlet 88, an electrical connection 90, a mounting flange 92, a keyway 94, support
flanges 96, an outer flange 98, a valve aperture 100, a valve tray 102, and tray supports
104. The fluid inlet 86 may be a fluid conduit, tube, or pipe that is in fluid

communication with a fluid source, such as a supply of a liquid to be injected, and the



injection management system that addresses one or more of the above-mentioned inadequacies of
conventional chemical-injection management systems. Some embodiments may include a flow
regulator thAY®3808/¢Mskdve-displacement flow meter, which, as explained BEIBNSHLR/RA%AIN
accurate over longer periods of time and under a wider variety of conditions than flow meters used in
conventional flow regulators. In some embodiments, the flow regulator may be configured to exercise
direct, feed-forward control of a valve, without using a nested valve-positioning feedback control loop.
As expliingdbikdo\88floeyreglasiaid exrduitingibeedfpipeutd aoistiolf ofdheovainenicay senaih tecurate
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[0028]FAG4 2 ISRsERREENS YIGY-OliHae CHSRICRIFRISSIGN taNREsBMIEmBEIEMd R, these
components may be disposed within the valve aperture 100. The lead-in chamfers 108
and 110 and the slot 106 may be configured to align and receive the latch 62 from the
chemical-injection management system 16, and the chamfered apertures 112 and 114
may be configured to receive the guide pins 58 and 60, respectively. Additionally, the
complementary fluid-inlet connector 118 may be configured to fluidly couple the fluid
inlet 86 to the fluid-inlet connector 66, and the complementary fluid-outlet connector 120
may be configured to fluidly couple the fluid outlet 88 to the fluid-outlet connector 68.
The complementary electrical connector 116 may be configured to electrically couple
the electrical connector 64 on the chemical-injection management system 16 to the

electrical connection 90.

[0035] During installation, the chemical-injection management system 16 may be
secured to an ROV above or near the surface of the ocean, e.g., on a support structure
or vessel. The ROV may then submerge and convey the chemical-injection
management system 16 to the tree 14 and place it on the valve tray 102. The ROV may
rotate the chemical-injection management system 16 to align the key 56 with the

keyway 94. The ROV may then drive the chemical-injection management system 16



mated with the valve receptacle 18. As illustrated, the chemical-injection management system 16 may
include a flow regulator 20, a pressure equalizer 22, a housing 24, a tree interface 26, and an ROV
(remotely oyePA$0&HIbIe) interface 28. As described in reference to FIGSPEIGJ$AHOSBWaEgulator 20
may include components that reduce the likelihood of the flow regulator 20 losing accuracy over time.
As discussed in reference to FIGS. 10 and 11, the pressure equalizer 22 may facilitate the inclusion of
a protective fluid, which is believed to extend the life of moving components within the housing 24.
Prior tofaddsedsintg theseafeatapesturala@ll, athedtzrgubbe s ok the thamits-ohjeatioalmanagement
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and ma Qf)(g?@ U-shape. Some embodiments may include additional handles 50. [0030]As illustrated
by FIG. 3, the Tree interface 26 may include a key 56, guide pins 58 and 60, a latch 62, an electrical
connector 64, a fluid-inlet connector 66, and a fluid-outlet connector 68. In the present embodiment,
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alignment with the slot 106 and generally preventing the latch 62 from being pulled back
through the slot 106. After 90° of rotation, the cam 84 may generally cease transmitting
rotation of the driveshaft 80, and the threaded coupling 82 may convert rotation of this
draft 80 into a linear translation or pulling of the latch 62 back towards the housing 24.
However, because the latch 62 is out of alignment with the slot 106, it may be generally
prevented from moving backwards by the valve receptacle 18. As the latch 62 is pulled
backwards, the chemical-injection management system 116 may gradually translate
forward, and the electrical and fluid connections may be formed. Finally, the ROV may
disengage from the chemical-injection management system 16 and return to the

surface.

[0037] Features of the flow regulator 20 will now be described with reference to
FIGS. 5-9. FIG. 5 illustrates the flow regulator 20 within a cutaway portion of the
housing 24, and a FIG. 6 illustrates the flow regulator 20 in isolation. FIG. 7 is a cross-
sectional view of a valve that may be employed in the flow regulator 20, and FIG. 8 is a
diagrammatic representation of the flow meter 20. FIG. 9 illustrates an exemplary flow
control process that may be executed by the flow regulator 20.

[0038] Turningto FIG. 6, flow regulator 20 may include fluid conduits 122, 124, and
126, a valve 128, a valve drive 130, a flow meter 132, and a controller 134. As

explained below, the flow regulator 20 may be configured to regulate or control a flow



The illustrated ROV interface 28 may include apertures 70, a flared grip 72, slots 74 and 76, and a
torque-tool interface 78. In some embodiments, the ROV interface 28 may be an APl 17D class 4 ROV
interface. TREOROI$/Mfdtface 28 may be attached to the outer-end plate 46 PRHERAW§OSinterface
78, which may be configured to coupled to a torqué tool on an ROV, may be disposed within the flared
grip 72 and generally symmetrically between the slots 74 and 76. [0032]As illustrated by FIG. 5, the
torque-tool interface 78 may be coupled to an internal drive mechanism that includes a driveshatft 80, a
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will be (?es(i/rtjbed after di%cussingéeatures of the valve receptacle 18. [0033]FIGS. 2 and 4 illustrate the
exemplAﬂ/ é%'rtlgc'gﬁcfa e ¥8! rting with the features depicted by FIG. 2, the valve receptacle 18
may include a fluid inlet 86, a fluid outlet 88, an electrical connection 90, a mounting flange 92, a
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input device, a display, and/or a system controller. The mounting f may be configured to

couple fHEvaRe beceptiowras e linearsetrensiaie keyawgl 9acabocthe Jaivas tgiauzaray aeow
configuy ;%ﬁéﬁljﬁ%éf [ouehly 'f&OBé trjﬂ?%%%%@&“g@ﬁ@%@%ﬂﬁﬁ%ﬁl@ﬁb&él@é@&t‘ﬂ ;

receptacle 18 an installation o chemical-injection management system 16. Specifically, the
valve support tray 102 maﬁ/etr)ﬂe conf'gaured to support the chemical-injection management system 16 as

it slides#f8®he viNRPE5RHRIeA BEiChMPMHONE{NBRIGHE R SRRATEE 1BI2lide8nirtRRESNAY 94 to
rotationgly Rasiiers éae rhenainalfisiedinnomasaggreentsyaietightonduit 124, which may be

coupled to be outlet manifold 150. The needle 142 may be moved as indicated by

arrow 156 to control the flow rate through the valve 128. As the needle 142 is
withdrawn or moved upwards, a gap between the tapered tip 158 and the narrowed fluid
path 154 of the needle seat 140 may expand, and the flow rate may increase.
Conversely, as the needle 142 is driven into the body 136 or moved downwards, the
gap between the tapered tip 158 and the narrowed fluid path 154 may decrease, and
the flow rate through the valve 128 may decrease. That is, the flow rate through the
valve 128 may generally correspond with the position of the needle 142. The valve 128
may have a turndown ratio greater than or equal to 100:1, and some embodiments may
include two or more valves 128 that are each sized for different flow rates.

[0041] Returning to FIG. 6, the illustrated valve drive 130 may include a motor 160, a
gearbox 162, and a control signal path 164. The motor 160 may have a direct-current
(DC) motor, for instance, a 20-24 volt DC electric motor with. In certain embodiments,
the gearbox 162 includes a high power ratio planetary gearbox with a gear ratio in
excess of 600:1. In some embodiments, these components 160 and 162 may be
immersed in an oil filled environment, as explained below. Advantageously, such an

environment may tend to reduce wear on these components 160 and 162.

[0042] The flow meter 132 may include a fluid inlet 166, a fluid outlet 168, and a

measurement signal path 170. In some embodiments, the flow meter 132 may be a



[0034]Turning to the features illustrated by FIG. 4, the valve receptacle 18 may include a slot 106,
lead-in chamfers 108 and 110, chamfered apertures 112 and 114, a complementary electrical
connector 18 He¥Mpléientary fluid-inlet connector 118, and a complemdiiiAyR0M§ E24&t connector
120. In the present embodiment, these component® may be disposed within the valve aperture 100.
The lead-in chamfers 108 and 110 and the slot 106 may be configured to align and receive the latch
62 from the chemical-injection management system 16, and the chamfered apertures 112 and 114
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managerr?eﬁt syslt'em DB AR e 2 Ehy p%cé it Oy eV av e Y% JOMHERDY rHay Otste the
chemicatdayjgetmmnathaciegemmént systeatubbetivialigdtbe rkagSBomitratbeok dyavHyid4loWiedRk@afenay then
drive thg chemical-injection management, system 16. WQ.2008/095113PCT/US2008/052681 8 forward
into e DO T B et e T e AR e A Ao AR YR oy ctem
16 movassiemidyd atperigialéqieyise andodrynaynm ate er caapaiage avith dber chamere chapentures 112
and 114 rther refine the alignment of the chemicalsjgjection management system 16, With further
forwarcP A A AL L G R e R e e R sk,
chamfetisat08raqual®m (QW36)BOGotm/Me: tlectlit8lahd Tinalfmmeeteynt3 2 toayleetgehenathe ROV

may then.rotate the t “toali 7 ich tate,the driveshaft 80 within th 84. The
corm 6 e ORI B S R
62, theltbieyflowvsitiaiingl & imyHe2 aetdoalyessmes ghediestbahGbabkger€ &by, plekentorg the
latch 6?28% being pulled back through the slot 106. After 900 of rotation, the cam 84 may generally

cease transmitting rotation of the driveshaft 80, and the threaded coupling 82 may convert rotation of
this draft 80 into a linear translation or pulling of the latch 62 back towards the housing 24. However,

becaustOfBhtch sl antrgeausiynmeasiiine-thertaseroenitiewy mrigemampypkivaaedifdm moving
backwaédér%ﬁ'@e?\é@iafasf%@%t@ta58,-&%P*@%@F&l fedrs aﬁ'ﬁﬂrﬁéyWQPﬁaiﬁ%&bﬁdﬁﬁrﬂﬁﬂ&cﬂon

management system 116 may gradually translate forward, and the electrical and fluid connections may

be form@igtiaflififiecarbynespikifgafesnserbe resiiig-tirRissamemMdpumesterd@den 16 and

return te,iesapEERABwW rates and/or volumes directly (rather than inferring flow rates and
volumes from a correlation between some other parameter, such as pressure drop
across an orifice plate, and flow rate) the positive-displacement flow rate meter 132 may
be subject to fewer sources of error and may be easier to calibrate than other types of
flow meters. However, it should be noted that in other embodiments other types of flow
meters may be employed, such as a differential pressure flow meter.

[0044] The controller 134 may include a processor 172 and memory 174. The
controller 134 may be configured to determine a volumetric flow rate, a mass flow rate,
a volume, or a mass based on a signal from the flow meter 132. The controller 134 may
also be configured to regulate or control one or more of these parameters based on the
signal from the flow meter 132 by signaling the motor 160 to adjust the position of the
needle 142. To this end, the controller 134 may include software and/or circuitry
configured to execute a control routine, such as a proportional-integral-differential (PID)



[0037]Features of the flow regulator 20 will now be described with reference to FIGS. 5-9. FIG. 5
illustrates the flow regulator 20 within a cutaway portion of the housing 24, and a FIG. 6 illustrates the
flow requlat¥f@e/HAon. FIG. 7 is a cross-sectional view of a valve thaPGBEYHEBMRAesled in the
flow regulator 20, and FIG. 8 is a diagrammatic reptesentation of the flow meter 20. FIG. 9 illustrates
an exemplary flow control process that may be executed by the flow regulator 20. [0038]Turning to
FIG. 6, flow regulator 20 may include fluid conduits 122, 124, and 126, a valve 128, a valve drive 130,
a flow met&rolfﬂauanel alnaninod enBddivseaxyl aieddnetoinollitinBosm dégutits Beseay beteonfigured to

regulate .or ¢ troI Orﬁ:é 95113PCT/US2008/05268 paramete such a volumetric
fow rat8 SR AL N 1Y oA BN TS SIEACE O TGN A QoA DRI B o1 atures o
the exeraptiapleaivedl® are depicted in the cross-sectional view of FIG. 7. The valve 128 may include
a body 136, a threaded inlet 138, a needle seat 140, a needle 142 seals 144, 146, and 148, and an

g;?r?tlgil?a 'Igg’f needf’ir % %Sg/%% ?@%nggﬁate]ﬁ%%ar y ﬁrgﬁlsklgef gﬁ%l]e body dgﬁﬂg cgttjel(;l!

by arroihe 3o aesinag tonige Raicceon iy iamsmﬁw@m@mwmtﬁrtﬁ@ e leesibiaitiiv0.
coupled to the threaded inlet 138 of the valve 128 by fluid conduit 122. The fluid outlet
manifold 150 of the valve 128 may be fluidly coupled to the fluid inlet 166 of the flow
meter of 132 by the fluid conduit 124. Additionally, the fluid outlet 168 of the flow meter
132 may be fluidly coupled to the fluid-outlet connector 68 by fluid conduit 126. Turning
to the connections configured to convey information, data, and/or control signals, the
controller 134 may be communicatively coupled to the flow meter 132 by measurement
signal path 170 and to the valve drive 130 by control signal path 164. Additionally, the
controller 134 may be communicatively coupled to the electrical connector 64 for
communication with other components of the resource extraction system 10 and for a
source of power. The needle 142 mechanically links the valve drive 132 and the valve
128.

[0046] In operation, the controller 134 may exercise feedback control over fluid flow
through the flow regulator 20. The controller 134 may transmit a control signal to the
valve drive 130. The content of the control signal may be determined by, or based on, a
comparison between a flow parameter (e.g., a volumetric flow rate, a mass flow rate, a
volume, or a mass) measured by the flow meter 132 and a desired value of the flow
parameter. For instance, if the controller 134 determines that the flow rate through the
flow regulator 20 is less than a desired flow rate, the controller 134 may signal the valve
drive 130 to withdraw the needle 142 some distance. In response, the motor 160 may
drive the gearbox 162, and the gearbox 162 may convert rotational movement from the
motor 160 into linear translation of the needle 142. As a result, in some embodiments,
the flow rate through the valve 128 may increase as the gap between the tapered tip
158 of the needle 142 and the narrowed fluid path 154 of the needle seat 140
increases. Alternatively, if the controller 134 determines that the flow rate (or other flow
parameter) through the flow regulator 20 is greater than a desired flow rate (or other



[0040]In operation, a fluid may flow in through the threaded inlet 138, pass through the needle seat
140, and flow out of the valve 128 through conduit 124, which may be coupled to be outlet manifold
150. The ne®@EMa99%dy be moved as indicated by arrow 156 to control thBGKUS2A8/eA6RIgh the
valve 128. As the needle 142 is withdrawn or mov&ll upwards, a gap between the tapered tip 158 and
the narrowed fluid path 154 of the needle seat 140 may expand, and the flow rate may increase.
Conversely, as the needle 142 is driven into the body 136 or moved downwards, the gap between the
taperedityw &l and g, acrovmitdileid (Bt mEydsipayideereabe dndetHSliowdete tivoungledie valve 128

may decrease. That is, the flow rate thro the valve 128 ma nerally.correspond with the position
of the nETESO(I O A A N 2 LTFCREN, A TAT0 B RE o9 O R F51 "o some
embodiotkatsvorgsirttledentivolier mddenvaivsigiia ieataive efive dizeddandifeethatritpdlimtiet?
[0041]Returni§§ to FIGé.) 6 tﬁe iIIusﬁrated valve drive 130 éna)ty hnc de a n%otor 60, a gearbox 162, and
a contro srpg% FE%%?[ Z?é‘? eopngtopvlve%arrﬁér)]/ R g-chr en V(IjPﬁ %r& r, for instance, a 20-24
volt DC electric motor with. In certain embodiments, the gearbox 162 includes a high power ratio
planetal)MEArbox wigeplge dhedtnparwasiart BUDoNiidRnhé Hhbasiexaicisentassibastponents 160
and woamednmeIRgh BRI CaNBmET e SRR AERRBEFnRLCh o)
environment may tend to reduce wear on these components 160 and 162. [0042]The flow metér 132
may indheieentigiteinlsi4 68 yar gari L slriMsaf eastiback sigiiakiménthay isinsigativaofndome

embodigieple, e i fRe'Bbeitie YRS b 7498/03 ﬁ%%?(b@%%%;ﬂ&é@@?g%&ﬁ 75, the

positive-displacement flow meter. That is, the tlow meter 132 may be configured to directly measure a

flow rateastelRUM bynsnek dseolansbarpRaEmby e e asitigniw hensesle taPexEmple, the
flow metend 32 e e enfignied s aneasiehearlmesandPw e Ahme dpgduid by dividing the

fluid into generally fixed, metered volumes. The nimber of metered volumes may generaily determine

the vollIV@ SeanGanserR Reweendherdivrfearhassiana thénanthadssirrddreadieloniigier unit
tme maygensaly deisiBiBe i oty BEcardtiBaY lowene aldasdhiddaning esadhiouan. I

some embodiments, the flow meter may include a piston and cylinder assembly, a peristaltic

device, 4a@drin vaaBaiEtdr Atbehrogataiesacedieoresiienavitailvwrratedtiiowg Bigkenvatee. The flow
meter 132emay G AdHIEMBITARG #eatE R GBI B IAMHe PRLitor W thePhdQ92 J4bhe flow

meter 132 may be generally free of bearings and generally chemically resistant. Additionally, in some
embodigisht8etiewerraaien 81einhg sBataekpfFesrasAsngranesieRRINE Y IQPP1E I, A5 ksi, or

20 ksi. fgedback control loop directed toward controlling the needle position nested within a

feedback control loop directed towards controlling the flow parameter.

[0048] Some embodiments may not include a nested control loop or may employ a
nested control loop in a more limited fashion. For instance, in some embodiments, the
controller 134 may not receive the drive feedback signal 175 or may partially or entirely
disregard the drive feedback signal 175. In certain embodiments, the controller 134
may exercise feed-forward control over the position of the needle 142. That s, the
controller 134 may transmit control signal 164 to the valve drive 130 based on a
difference between a desired flow parameter value and a measured flow parameter
value, regardless of a current position of the needle 142. In other words, some
embodiments may not rely on a stored correlation between needle position and flow
rate through the valve 128. For instance, in operation, the controller 134 may determine
that the current volumetric flow rate through the flow regulator 20 is less than the

desired volumetric flow rate and, in response, signal the valve drive 130 to shift the



[0043]Advantageously, a positive-displacement flow meter may exhibit less drift over long periods of
time (e.g., over several years) and may maintain accuracy with a variety of different types of fluids.
Because thaVghfi$@281dplacement flow meter 132 measures flow rates an@oFABRIRLSHiBéctly (rather
than inferring flow rates and volumes from a correldtion between some other parameter, such as
pressure drop across an orifice plate, and flow rate) the positive-displacement flow rate meter 132 may
be subject to fewer sources of error and may be easier to calibrate than other types of flow meters.
Howeveo ditiroold e madeltbth 4Ris @t dizapedimients wid entioetnod fity theetenstrolgrbk8gmployed,

such as a differential pressure flow meter. [0044]The controller 134 may inclyde a prpcessor 172 and
oo B R e S ey i RS aEL o e AL BT A R RIS Zonmse o
rate, a volume, or a mass based on a signal from the flow meter 132. The controller 134 may also be
configuf@848]regiaiasiageatsipnendpedineoisivatirophrnesatad bastaldeapensyregritahiide flow

meter 132 by signaling Ine motarot 50 19 b anslion aktbenaeiled wlaianog the

controller 134 may include software circuitry configured to execute a control routi
proportigreymstanessifier coavenimngl ey SEI8L0 982 ¢3PETIUS20DBIaBIEN sl dsnablebudne. In

some 699895@%’5@%%@4%@&@0@%@%@%&%?&&%ﬁ?negffg%w’ﬂri@rfhpaﬁ%‘rﬁh@%ﬁ’\?eﬁ’? may

be stored in memory 174 or anot 45]FIG. 8 Isa diagrammatic

represehi&tidneyt ey fleavverya kb shinshetiagavahcttrnabng eenstisossnfigar sxaoedendefluids, the
f'Uid'i”'?éga’éT&eﬁbo{ @@@Webﬁefr%%w ﬁ%“&'?ﬂé%l??o(bé%afﬂﬁﬁfé% 135 ot Y?é}éalé?s%ﬁ%/ flpd

conduit 122. The fluid outlet manifold 150 of the valve 128 may be fluidly coupled to the fluid inlet 166
of the flB\@Yeear GNERChay et fiitetianshiaemeanohapoaitonuad haleeed® daBandihgeter 132

may eyl eompieiPiHE NG 9gtet SORRSFIALREXEUI FRRSMICLAGJHHBA B reishnections

configured to convey information, data, and/or controf signals, the controller 134 may be

commufﬂeébaéaly @@@wmdhﬁ@ﬂamé&m@Méé&rwﬁ@mm&aﬂm%ﬁhiwgwmve drive
130 by egpisisigagkaate 1ad Hngiignady, éﬁ@aﬂﬂ?}@'%&é{’a@f BRCRTHTIRIGRIYE Y Copled to the

electrical connector 64 for communication with othér components of the resource extraction system 10

and for @85 @a%le @MNPOFERETEHeWEQI 2 M2 sird kanicallopmdEtronHOE RBitke13PsHIRN BkthaIve 128.

needle 142 may be affected less by these sources of error.

[0050] FIG. 9is a flowchart illustrating an exemplary flow control process 176. The
flow control process 176 may include directly sensing a flow parameter of a flow through
a wellhead with a positive-displacement flow meter, as indicated by block 178, and
adjusting the flow parameter based on a signal from the positive-displacement flow
meter, as depicted by block 180. Adjusting the flow parameter may include partially or
entirely opening or closing a valve by exercising feedback and/or fee-forward control

over the degree to which the valve is open or closed.

[0051] The exemplary flow control process 176 may result in relatively robust control
of the flow parameter over long periods of time. As discussed above, certain positive-
displacement flow meters are believed to have improved reliability (i.e., improved
accuracy or precision over time) because they measure flow directly rather than infer
flow rate from a correlation between some other parameter (such as a pressure drop
across an orifice plate) and flow rate. Such positive-displacement flow meters may be
robust and responsive to changes in the relationship between the parameter and flow

rate. Further, embodiments that do not exercise feedback control over the degree to



[0046]In operation, the controller 134 may exercise feedback control over fluid flow through the flow
regulator 20. The controller 134 may transmit a control signal to the valve drive 130. The content of the
control signN YO UdEermined by, or based on, a comparison between P PUEHRE (e.g., a
volumetric flow rate, a mass flow rate, a volume, ot*a mass) measured by the flow meter 132 and a
desired value of the flow parameter. For instance, if the controller 134 determines that the flow rate
through the flow regulator 20 is less than a desired flow rate, the controller 134 may signal the valve
drive 13thiohwiitizdvaivdhie opedlerlcdidssehierdistiance, diréespmrtedtfecaizdok Lo thuhyidviaiedhe
gearbox 16|§ ﬁyd theg%ear 0X,162 ma%/mconvert rotational mor¥ement from the mftor 1?ﬁointo linear

F

translaSIP B P MREHRE PLASI IR VR dIBEERIIHS IREEHON IR RRRSGSR IRENR 128

may inardsahe thesifignbetween the tapered tip 158 of the needle 142 and the narrowed fluid path
154 of the needle seat 140 increases. Alternatively, if the controller 134 determines that the flow rate

(or oth | ) ' ired.f th

WO 20 A e e T R e
drive 13xtendrive wsefokligle fap examplistaticeningithE alve a28)@ikoedy hokifwalipweiogading the
flow rat Si . 1 dle 142
some B B B e G R e R fow
parame3eMmeherobadinentsiheayarstvisdlid drnaydiered@iiieged @htrbypmagedusirive

130. Faningiastce VR TRie 83 e aiBalaes e lela 3 e Rl h bR IoRARRCH slgRal 175

that is indicative of, or correlates the position of the needle 142. Using the drive feedback signal

175, théheoherosiagiah sishaxeibisseeabaicsorinelasrerthelpedhioadrd ronpbamaRAiat is, the
controliel 34B2y58nfh CUTRILHARH 1884NAIdA LP\eIminetl:2iadRkiBRASL R AIGRMARISON

between the drive feedback signal 175 and a desired needle position. The desired needle position may

be detelffRifed B G 24bMea ) Headidestantialyrartastighip stosem $HEnSeA arligsdictssralates needle
positionithdiow fAtS BUQUIEG AN Gk Br FER0d MFA P BT HNAVNS SR RRRG s SaNHRR YR pOth the

position of the needle 142 and the flow parameter may be characterized as having a nested control

loop, e.gxestfedslertabntendbop ecbrusiagvadd dohfrsiies fhesreadidhp shiomigatiaiealinin a
feedbagk gomahiaqnsirsieddonaydadaayaliiia dearlouyparagteser. [0048]Some embodiments may

not include a’nested control loop or'may employ a

[0053] Features of the exemplary pressure equalizer 22 will now be described with
reference to FIGS. 2, 5, 10, and 11. As illustrated by FIGS. 2 and 5, the pressure of
equalizer 22 may include one or more bladders 184 and fittings 186. The pressure
equalizer 22 may extend inward into the housing 24 from the outer-end plate 46. Some

embodiments may include 1, 2, 3, 4, 5, or more bladders.

[0054] FIG. 10 illustrates a cross-sectional view of the exemplary pressure equalizer
22. The bladder 184 may be made of a resilient and/or watertight material, such as
rubber, neoprene, vinyl, or silicone. The bladder 184 may have a generally cylindrical

shape and couple to the fitting 186 at one end.

[0055] The illustrated fitting 186 may include a water inlet 188, sealing members 190
and 192, and an O-ring seat 194. The water inlet 188 may extend through the fitting
186 and provide a fluid passage into the bladder 184. The sealing member 190 may
seal the bladder 184 to the fitting 186. The sealing member 192 and O-ring seat 194
may cooperate with an aperture in the outer-end plate 46 to secure the fitting 186 to the

outer-end plate 46 and form a generally watertight seal with the outer-end plate 46. In



nested control loop in a more limited fashion. For instance, in some embodiments, the controller 134
may not receive the drive feedback signal 175 or may partially or entirely disregard the drive feedback
signal 175. We@epsifi%hbodiments, the controller 134 may exercise feed-fAWHIEPWEHSISter the
position of the needle 142. That is, the controller 134 may transmit control signal 164 to the valve drive
130 based on a difference between a desired flow parameter value and a measured flow parameter
value, regardless of a current position of the needle 142. In other words, some embodiments may not

rely on sostey edntadaladion dbeviiein gdS8dlerpysiticin e thloadsatedhcoope thie welhe 128. For instance,
in operation, the controller 134 may, determine tha t[r]e rrent volumetric flow rate through the flow
sedsaiil e SRR

regulat&ogbb'g rl’%%gt?r%]i heeaggscfr% \?o?ﬁﬁ?éiﬁ@qlgﬁ : e BB‘??Se, i@lrlnta t#RO7&Fe drive 130 to
shift theo g2 0D Bi@EItEBROT ISR0OB/052681 13 position of the needle 142 some distance. In some
embodiments, the controller 134 may determine this distance without regard to the current position of

the necfigse2. [ARHEMmHAGRoIRLLSBRROHIRALS W thol RAGSIPFLARRNY laRBrespntol flow
parameters more acc rateyover onger perioa o time and under a wider varletyo clrcumstances
than _conm&waab%tymihB@t@tﬁéig@rfﬂwdamam@wsrdunmgeuaw @wer@tioﬁmfwe_@ﬁ the

pos'“orfr%frﬁ'?uﬂg%‘ﬁ'&i&i%vaf& %Fé%‘é’JPé%H“{Ré'%ha@@eYaﬁ'g? ?é‘d‘él%@é@ﬁ%%g Qs ) ¢he face

of changing conditions.+or example, the tapered tip 158 of the ne “or the narrowed Tluid path
154 of the, eestileestaicesdramyiveepressdrenahnie o ietiiverisip badaserliwainaiedtioy affgwsneedle

142 and dae o 43t 1Y pralathie vadigs! %a?é'ﬂhér?ﬂ?é‘%?e%%‘%@ﬂ%j?tFé&%@’ﬂﬁfaq cising

feedback control of the position of the ne€dle 142. In some circumstance is error could décrease

the resiopdilasiisgs] Staminy cypaoeLraciosfapRlNGWT@sIats2DareebverdsidetiBatithents without a
nested M&Qééo%fgfe%%w&”ﬂ@@ tamopiinaqhangede 12 s nﬁg&ﬁ%tﬁ?é@ﬁéi%ﬁ'ﬂﬁe sources

of error. [0050]FIG. 9 is a flowchart illustrating an exemplary flow process 176. The flow control

procesPiEsHigydifenandidirdersoseaanPadione pidhr rioteetirevluidtddghraaydimead with a
positivesgisnlacemenh dom sResiiasing s daaBlors AL dnABdrasiy bt iflgoRasaaRls based

on a signal from the positive-displacement flow meter, as depicted by’block 180. Adjusting the flow
paramefRamRyPrILIRqsIIAETIS BFASHNEly opening or closing a valve by exercising feedback and/or
fee-forward control over the degree to which the valve is open or closed.

[0057] Some embodiments may include other types of pressure equalizers 22, such
as a piston disposed within a cylinder that is in fluid communication with the protective
fluid 182 and surrounding seawater on respective opposite sides of the piston. In
another example, the pressure equalizer 22 may include a resilient or less rigid portion
of the housing 24 that is configured to transmit a force to the protective fluid 182.

[0058] FIG. 11 illustrates an exemplary pressure equalization process 200. The
process 200 may include receiving a force arising from water pressure, as indicated by
block 202, and/or reducing a pressure differential between the water pressure and the
pressure of a protective fluid by transmitting the force to the protective fluid, as indicated
by block 204. Reducing the pressure differential may include substantially eliminating
the pressure differential or substantially reducing the magnitude of the pressure
differential. In some land based applications, the process 200 may include receiving a

force arising from air pressure and transmitting the force to the protective fluid.

[0059] FIGS. 12-18 illustrate details of the flow meter 132. FIG. 12 is a cross-
sectional side view of the flow meter 132, and FIGS. 13-16 are cross-sectional, top

views depicting the flow meter 132 and sequential stages of operation. FIG. 17 and 18



[0051]The exemplary flow control process 176 may result in relatively robust control of the flow
parameter over long periods of time. As discussed above, certain positive-displacement flow meters
are believedM FY8&MIpPoved reliability (i.e., improved accuracy or precisididey20pi@ d¢ause they
measure flow directly rather than infer flow rate frd# a correlation between some other parameter
(such as a pressure drop across an orifice plate) and flow rate. Such positive-displacement flow
meters may be robust and responsive to changes in the relationship between the parameter and flow
rate. Fuatbasoeitihodingpissipabilitravdeiemised dedbaniteonddidurarglierdegokeano réverse
ZOOSIOiSbIﬂPCT/USZO 8/052681 14 which the valve is open or closed (or at least, direct, nested
feedba 'k“ ontrd| BF AR 'Y)e ¥Ition) may be robust and responsive to changes in the relationship
between flow rate and valve position. [0052]Other features of the chemical-injection management
system [00603y tehdriingxierid Gs 1Rl Iffewroetaandgenastinaingad @b agadmbhio2a8 and the

hous: ) . ) | A r . . -
come oo ey o G A aagCoralt 4o protective
fluid 18mauisublrR arda?ithoatlnigtt lelderesagai2dl caftiporevilstimsigeate AbBsang24, such as the
driveshﬁ{bﬁ_:qir{ eagegh%},% %é'ﬁ'fﬁ@%efé) ling 82, and/or the valve drive 130. To maintain

separation of séa water and the protective fluid 182, the housing 24 may be substantially watertight. In

some sub-sea applications, a difference in pressure between the protective fluid 182 and surrounding

sea wal9PRtly exERCMGIRIREGAEIBAP TGS MEGSELEARY aeNRralthidehng, aHiobhemiedrifgbction
manageRlaM S8 Mol B A SIS dasessere eemalizes £ 10Qb3HeasweAfdherangmghtry

pressure equalizer 22 will now be described with reference to FIGS. 2, 5, 10, and 11. As illustrated by

FIGS. Z4inAsCca < Breabar23P dnauRRAENAd\PInENGIRGHROGK %6 BRRIGIE IR RIRS #efigs 186,
The pragay BEAHFSE R4 /itARY end e daeto enBaKaRtEt H88 BIEauief-213d Malgdtba Some
embodiments may include 1, 2, 3, 4, 5, or more bladders. . S

center post 230 having a generally circular inner race 232 and a fin 233, which is visible

in FIGS. 13-16. The chamber base 222, the chamber 228, the center post 230, and the

inner race 232 may be generally concentric and rotationally asymmetric. The fluid-inlet

passage 216 and the fluid-outlet passage 218 may extend through the chamber base

222 to the chamber 228, as illustrated in FIG. 16.

[0062] The rotor 224 may include a top disc 234, a sidewall 236, a guide member
238, and a magnet 240. Also, the rotor to 24 may include a cam slot 242, which is
visible in FIGS. 13-16. The top disc 234 may have a generally circular shape with the
exception of the cam slot 242, and the sidewall 236 may have a generally cylindrical-
tubular shape that extends from the bottom of the top disc 234. The guide member 238
may be a generally right cylindrical member that is generally concentric with both the
sidewalls 236 and the top disc 234.

[0063] The upper housing 208 may include a body 244, an outer seal 246, an inner
seal 248, and a position sensor assembly 250. The position sensor assembly 250 may
include position sensors 252 and 254, sensor receptacles 256 and 258, sensor mounts
260 and 262, springs 264 and 266, and position signal paths 268 and 270. The position
sensors to 252 and 254 may be reed switches, Hall effect sensors, proximity switches,
or other types of sensors configured to detect movement of the rotor 242.

Advantageously, the two position sensors 252 and 254 may provide redundancy in the



[0054]FIG. 10 illustrates a cross-sectional view of the exemplary pressure equalizer 22. The bladder
184 may be made of a resilient and/or watertight material, such as rubber, neoprene, vinyl, or silicone.
The bladdeM@3%$49Fdde a generally cylindrical shape and couple to the RERG'IBOBAE end.
[0055]The illustrated fitting 186 may include a watéf inlet 188, sealing members 190 and 192, and an
0-ring seat 194. The water inlet 188 may extend through the fitting 186 and provide a fluid passage
into the bladder 184. The sealing member 190 may seal the bladder 184 to the fitting 186. The sealing
membegvdit #nat Oriingfebst déBtimascosper 2E2vatiPad égikrtUieciisphie geizg4eaddpiee Ao secure

the fitting 186 to the oquter-en 46 form. a generally. watertight seal with uter-end plate
46, In 16 300SET LSO S GHT S ACR b TE BRI B M £ ey mclute
threadsréspicatiopbratEhgithositinpleigeakfrytizrea8saon ic0outey-eoch platdcdfieeiyl oo wptbreathed nut
disposed on#sinde %f thre %tétfrﬁaodz%l?t? 46.%[%056? In operation, the pressure equalizer 22 may tend to
reduce RGIHEIEREE IR Sre SHEDERVeERREBYStEctive fluid 182 and surrounding water pressure. The
forces from surrounding water pressure on the bladder 184 are depicted by arrows 196 in FIG. 10, and

the forcdl@968n théhsrassitientersprotatfvaniiab4 snayrbelipssiienetysacbial 98 magnehter
pressur. ' § ivie fluj 4 d
Bdlor S R S T e T
182, th@zby osentiaignreadine tsetpropeaiiéonifensniakon aayde modtinnedta! tmphrseshife fluid

182 maﬁ#éé@@ﬁ*?@@"."Wsi-q‘éarﬁﬂ(&ééi@ﬂ?r@ﬂc}&ﬁ&ﬁaé’é#%olr%ﬁ‘@%tﬁrﬂ@%ﬂé%t‘f&@ﬁ@‘@y%l@%ﬁ@ther

than expand to equalize pressure.
rotor 224. That is, as the rotor 224 moves within the chamber 228, the magnet 240

does not pass under the position sensors 252 and 254 at the same time. Advantages of
various magnitudes of phase shift 272 are described below in reference to FIGS .17 and
18, after describing the operation of the flow meter 132.

[0065] FIGS. 13-16 illustrate four stages of a cycle of the rotor 224. The movement
of the rotor 224 may be driven by a difference in fluid pressure between the fluid inlet
216 and the fluid outlet 218. The movement of the rotor 224 has both a translation
component and a rotation component. The translation component may be guided by
the movement of guide member 238 around the inner race 232. That is, the center of
the rotor 224 may trace a circular path during each cycle. The position of the rotor 224
within the circular inner race 232 maybe referred to as a rotor angle, with a 360° shift in
rotor angle generally corresponding to a cycle of the rotor 224. At the same time the
rotor 224 translates, the rotor 224 rotates about a contact point 274, where it contacts
the fin 233. In other words, as the rotor 224 translates through the path defined by the
inner race 232, the fin 233 shifts the angular position of the rotor 224 relative to the
body 210.

[0066] Each cycle of the rotor 224 may convey a discrete quantity or volume of fluid
from the fluid inlet 216 to the fluid outlet 218. Additionally, during each cycle of the rotor
224, the magnet 240 may pass under each position sensor 252 and 254, and, as a
result, the position sensors 252 and 254 may transmit a position sensor signal on the

position signal paths 268 and 270, respectively. The controller 134 may receive the



[0057]Some embodiments may include other types of pressure equalizers 22, such as a piston
disposed within a cylinder that is in fluid communication with the protective fluid 182 and surrounding
seawater orWe9e¥9&E Boposite sides of the piston. In another example, thB(IESIME B3eklizer 22
may include a resilient or less rigid portion of the H8using 24 that is configured to transmit a force to
the protective fluid 182. [0058]FIG. 11 illustrates an exemplary pressure equalization process 200. The
process 200 may include receiving a force arising from water pressure, as indicated by block 202,
and/or m&itimg%psessilga@IEfam&abhemmﬂmmrrweﬂsemarabdrtbétmurrat dha ummective

fluid by mittin cet the ive . flui a5| ated loc Reducm ressure
citerer AR HED FAIECL IS CEa R i PR T SRR G Y SR AN ek ting the
magn|turdelmlmagoﬂeesnumUe‘felsfanydle:tmeumewmddmmedlapplliea:;umutmef[jhmobesrﬂ@yeday include
receivin forc arisj ng rom a'{rgll%?%g and tra smlttln%the fo protectlv%qﬂwd 0 59]FIGS.

s i SASH SURIBo AR Blier 47 Sy CRIBRINES BCASIER oF AORES TR neter
132, anﬁbW@ﬁtéBmQa@lnntaaskysbgtmnﬂﬂpﬂgmgldwsrdmmtwg|tﬂretﬁewulmt224wczymﬂr@auelntlal

stages erat 7 and 18 W 2008 095113PCT/US2008/052681 1 are osmo sensor
S|gnalta8e rl‘r%{ k‘f & oen[er dunr?&?orv\%cj[ ﬁ)] r%%@s?@?fu%ﬁ ma¥e<§;ep c%?/eﬁl [ Bg'O]Turnlng
to FIG. riZe thedloyh thetdotBthetay 18&ude a lower assembly 206 and

[0067] FIGS. 17 and 18 depict position sensor signals during forward fluid flow and
reverse fluid flow, respectively. Each time the rotor 224 passes under one of the
position sensors 252 and 254, the position sensors 252 and 254 may transmit a signal
indicating that the magnet 240 is proximate the sensor 252 or 254.

[0068] The direction of fluid flow may be determined by comparing the signals from
the position sensors 252 and 254. In the case of forward fluid flow, depicted by FIG. 17,
position sensor 252 senses the magnet 240 after the rotor 224 travels through a
relatively small rotor angle from the position sensor 254. In other words, the phase shift
272 between the position sensors 252 and 254 appears relatively small. In contrast, the
phase shift 272 in the reverse flow case, depicted by FIG. 18, appears relatively large.
That is, the position sensor 252 senses the magnet 240 after the rotor 224 travels over
a relatively large rotor angle. Thus, to determine the direction of fluid flow, the controller
134 may measure phase shift 272. If the phase shift 272 is smaller than some value,
e.g., 180 degrees, then the controller 134 may determine that the fluid is flow is in the
forward direction. On the other hand, if the phase shift 272 is less than the value, then

the controller 134 may determine that the fluid flow is in the reverse direction.

[0069] The controller may measure the phase shift 272 by comparing the period of
the signal from one of the position sensors 252 or 254 to the time between signals from
the position sensors 252 and 254. The ratio of the time between the signals to the
period may generally correspond to the ratio of the phase shift 272 to a complete cycle.
As a result, 360 degrees (one cycle) multiplied by the time from position sensor 254

sending a signal to position sensor 252 sending a signal, and divided by the period of



an upper assembly 208. The lower assembly 206 may include a body 210 having mounts 212 and
214, a fluid-inlet passage 216, a fluid-outlet passage 218, and a metering assembly receptacle to 220.
[0061]The NP3/ WSEEMMbly receptacle 220 may generally define a right RGhAR2808/612eRt and
house a chamber base 222, a rotor 224, and a cap?226. A generally right cylindrical chamber 228 may
be defined by the chamber base 222, and the rotor 224 may be disposed within the chamber 228. In
the chamber base 222 may also include a center post 230 having a generally circular inner race 232
and a fith@3¥gwehittbns pshlenrsEHssr 2341Hay yenbeaiberduas¢h22gh dse ehiftrze. 2@B8othercenter

post 230, and the inner race ay be generally con ric and rotationally asymmetrjc. The

- OGS et 156 R Bt PRCULEIE Tl SR SR SPER Barastde 222 to
the chaimlres 828; aswhistigiediiiof KBns6r PEB 2P stz ARAgnel2Me) ude Addpttisti?ddan sidewall
236, a gquide member.238. and a net 240. Also, the r to 24 may include a cam slot 242, which
o vishERILE PEARMSREGSD Bl SheeRy e dLhdblind P e dimpe ERINE copton o
the canbstetcst?canskihdisa sigaki2Itomah & apasitigeseratyr @ddrical-tubular shape that extends
from the bottom of the top disc 234. The guide member 238 may be a generally right cylindrical

member that is generally copggnitieuith botl thg sidewalls 236 apd,igg top disc 234. [0063]The upper
housing 208 may include a Eogy%M, an outer s@s' "946, aisﬁri?ﬁ@er seral?gﬂ%gé\nd a position sensor

assembly 250. The position sensor assembly 250 may include position sensors 252 and 254, sensor

receptakd848k6 M Y2ERYRasismnke R ianmod Passther Bradiiasber oAHYIgdaMon signal paths
268 angigiémimednspiinpieNis P2 mldiadipayihe st svyitehasid M ech @ReRIs in

proximity switches, or other types of sensors configured to detect movement of the rotor 242.

AdvantSYE6Liar:, MaYRe 198886 BB LS NERMBLRREAIRAMR FRidNednEy GRerdiregion
2008/090d 1 351 whid 2208088268k} frigger an audible or visible warning (e.g., a broken pump

warning on a display or speaker), or the valve 128 may be adjusted (e.g., substantially
closed).

[0071] FIG. 19 illustrates an example of a flow curve through the valve 128. This
graph depicts the position of the needle 142 (FIG. 7), as a percentage of a stroke,
versus the flow coefficient (Cv) through the valve 128. The illustrated curve includes an
flow control zone 276, a static zone 278, and a flushing zone 280. In some

embodiments, the flushing zone 280 may be used to clear debris from the needle 142.

[0072] FIG. 20 illustrates an exemplary valve-adjustment procedure 282. The
illustrated procedure 282 may include measuring a parameter of a fluid flowing through
a valve, as illustrated by block 284. This may include the above-mentioned steps of
flowing the fluid through the flow meter 132. Next, the procedure 282 may include
opening or closing the valve by a first distance, as illustrated by block 286. This may
include the abovementioned steps of moving the needle 142 in the valve 128. The
procedure 282 may also include measuring the parameter of the fluid flow with the valve
opened or closed by the first distance, as illustrated by block 288, and opening or
closing the valve by a second distance, as illustrated by block 290. These acts may
again include the above-mentioned steps of operating the flow meter 132 and the valve
128. Next, the procedure 282 may include measuring the parameter of the fluid flow

with the valve opened or closed by the second distance, as illustrated by block 292, a



event that one of the position sensors 252 or 254 fails. The springs 264 and 266 may bias the sensor
mounts 260 and 262 against the position sensors 252 and 254, respectively. The position signal paths
268 and 270VQ2)8®dnicatively couple to the position sensors 252 and PSA/Y8A980avelY .
[0064]The position sensors 252 and 254 may be Pdsitioned such that the magnet 240 passes under
each position sensor 252 and 254 once during each cycle of the rotor 224. In some embodiments, the
position sensor 252 may be positioned at a phase shift 272 (see FIGS. 13-16) ahead of the position
sensor 2izp witlicre spegiriol thiz osieating ehotv 2defEnaas, da dwmetonRddimeves, whtnin the
chamber 228, th net 240 doe not ass er i0 0rs,252 an 4 at the same
fime. AQVGRLES DR ATBIR Fe S B S B By Pl e A0 Rl ERIET) Frcs
A7 anob]a&cali’nea@utwmrrglﬁtmmplambmthef pheaﬁmmenmli&md@wﬁﬁlﬁthb%mmstrate four
stages of a gy %Ie of rotor 2 4 %E rg) ment of the rotar 224 . may_ be drl\f a difference in fluid
pressur%eb%? oy tH Sla] Fiiet 1.[ and e filid GUEY 2180 TRE rlngv REnior ee NI Whas both a
translatthe cmeapormlht/amdaa mmmabmfmneamn%tmedwmtalmpdumwemyl@eomuded by the
movement U|de emrb 8 ar(?,'upd th |nn1e§ ace hat IS t e cen ? tp rgt I%z4 may
trace a%lr%' sat(?w Vﬁna The pgSItIOH 8\"%1e roto Ffﬂ nr}heué ?a tnerface 232
maybe t&¥errathitly ais ammereangtﬂjlmmlmts Jbe sia@reertﬂomranglmganévellbs apeesgbodaigseda cycle of
the rotor 224 At the e tim rotor 224 tr nslate r 2 about a contact point
274, where L}Pcon(i; st'?eé:b i C%] other ar| a%%ﬁé”?ﬁ&%ﬂ transf(a#e%s% through the path defined

by the inner race 232, the fin 233 shifts the angular position of the rotor 224 relative to the body 210.
[0066]HAOT 3] cle Bihie: thadnportieryneynbe pusgieptdle duaatigus Merifirabengiaitom the fluid inlet

216 to e g QUHEHALSs E?@gﬂ@@ﬁ‘lb@&%%ﬁ&b&%@&%ﬁb%vww\% 2 c}PS)JE 1§ e Akmay pass

under each position senso 254, and, as a result, the position sénsors 25 nd 254 may

transmlﬂ@ﬁwmr%h%eﬁgﬁﬁl destidpddniceisitharpithdoserad i ahowser tinderstaedontroller
134 may, reerly i LABBIARHENG HY RARE8/R 8RB articular forms disclosed. Rather,

the invention is to cover all modifications, equivalents, and alternatives falling within the

spirit and scope of the invention as defined by the following appended claims.



18 position sensor signals and count them to determine the number of times that the rotor 224 has cycled
or time them to determine the rate at which the rotor,224 is cycling. By multiplying the number of cycles
counted and the discrete quantity of fluid conveyed with each cycle, the controller 134 may determine a
guantity of fluid passing through the flow meter 132. Similarly, by multiplying the rate at which the rotor
224 is cycling arfelhBViuantity of fluid conveyed with each cycle, the controller 134 may determine a flow
rate through the flow meter 132. [0067]FIGS. 17 and 18 depict position sensor signals during forward fluid
flow and reverse fluid flow, respectively. Each time the rotor 224 passes under one of the position sensors
252 and 254, thé positiOSERtbCOYSISAE 254 may transmit a signal indicating that the magnet 240 is
proximate the sensarcherhivakivje (006 Bhahegdinestioimafdbuiibiosd noae fheatetafraidgidbwyptomparing the
signals from the ition. sensors 2 néi 254. In.th ofiprw d fluid flow, depicted by FIG. 17,
position sensor gﬁr‘u%%sm[ Oean\%@ﬁgafi 48 aef{g'rnt%he% r%%tlgrﬁlﬁa %ﬁ%e{g rﬁ?%ﬂéﬂééﬁ% aﬂ\ﬁéﬁy small rotor
angle from the peitiditseénsor 254. In other words, the phase shift 272 between the position sensors 252
and 254 appears relatively spadinlieRMRsh iemiase shift 272 in the reverse flow case, depicted by
FIG. 18, appears relatively large. That is, the position sensor 252 senses the magnet 240 after the rotor
224 travels over a relative®/\5idBIRSRF B! CEHGNG RRUERHINERHE B R 67 BYRIRFow, the controller
134 may measutepbésesshifieotanictheghassshiftpdivkiscemaliaothandsarmasiedne, fiigh, 180 degrees,
then the controller 134 Day determine that the fluid is flow is in the forward direction. On the other hand, if
the phase shift 77251685 than the value, then the controller 134 may determine that the fluid flow is in
the reverse direction. [0069Fhegsshiritietion pniehsase tHdytiagessifv2in e doierelrislg the period of
the signal from qpg %lggﬁq@osition sensors 252 or 254 to the time between signals from the position

sensors 252 and 254. The ratio of the time between the srﬂiggal_s to the period maé (%enerally correspond to
the ratio of the pASEPEhIREGIEIBICALEISSHAB ORI Asserddyits SBDgMEEdR ¢8AERIe) multiplied by the
time from positigyaganeasr 254 FaTdngracignahtofpasiian; sersor 252 sending a signal, and divided by
the period of WO 2008/0%5&90‘?’5: |\Té%§i%oé?§p/)%§gg%v]ﬂhin the interior of the housing; and
a pressure equalizer coupled to the housing, wherein the pressure
equalizer is disposed between the protective fluid and an exterior of the

chemical-injection management unit.

2. The system of claim 1, wherein the chemical injection control assembly

comprises a meter, a valve, and an actuator.

3. The system of claim 2, wherein the meter comprises a flow meter, and

the actuator comprises a motor.

4. The system of claim 2, wherein the chemical injection control assembly
comprises a controller configured to control the valve based on sensor

feedback from the meter without any position feedback from the valve.

5. The system of claim 1, wherein the chemical injection control assembly

comprises a positive displacement flow meter.

6. The system of claim 1, wherein the chemical injection control assembly

comprises a needle valve.



19 the signal from position sensor 254 may generally equal the phase shift 272. In other words, the phase
shift 272 may be calculated with the following equatign, where -signal A is the time at which position
sensor 252 senses the magnet 240, tsignal B is the time at which the position sensor 254 senses the
magnet 240, and Periodsignal A is the time between consecutive signals from the position sensor 252:
Phase Shift = 360 * (f y.signal A - tsignalPeriOdsignal A [0070]A variety of acts may be performed based

on the direction of fluidfiuedaterrainadiyithereraralierpkstcits infteasaptredisgction of fluid flow, or a

change in direction, may be logged in memory. In some embodiments, fluid flow in one direction (i.e.,
forward or reverse) may trigger an audible or visible warning (e.g., a broken pump warning on a display or

speaker), or the galve T8 sysichedidjasted, (@rgrehulistapristviel esed)izZEi06hiplsed A illustrates an
example of a flow curve through the valve 128. This graph depicts the position of the needle 142 (FIG. 7),
oy sl
Stro f

asa percentagerg a e, versus the flow coefficient (Cv) through the valve 128. The illustrated curve

includes an flow control zone 276, a static zone 278, and a flushing zone 280. In some embodiments, the

flushing zone 289 mayhR u§eR e SlealidelrsHErsm iR RR&HRIARe is configured to

couple to a tree of the wellhead.

10.  The system of claim 9, comprising the tree coupled to the chemical-

injection management unit.

11. The system of claim 1, comprising a second interface coupled to the
housing, wherein the first interface comprises a tree interface, and the second

interface comprises a remotely operated vehicle (ROV) interface.

12. A system, comprising:

a chemical-injection management unit configured to regulate a fluid flow of
a chemical into a wellhead, wherein the chemical-injection management unit
comprises:

a housing having an interior;

a tree interface coupled to the housing, wherein the tree interface is
configured to couple the housing with a tree of the wellhead;

a remotely operated vehicle (ROV) interface coupled to the housing,
wherein the ROV interface is configured to couple the housing with a remotely
operated vehicle (ROV);

a chemical injection control assembly disposed within the interior of
the housing,
wherein the chemical injection control assembly is configured to control a

parameter of fluid flow through the fluid path.

13.  The system of claim 12, comprising a protective fluid disposed within

the interior of the housing, and a pressure equalizer coupled to the housing,



[0072]FIG. 20 illustrates an exemplary valve-adjustment procedure 282. The illustrated procedure 282
may include measuring a parameter of a fluid flowinghrough a valve, as illustrated by block 284. This
may include the above-mentioned steps of flowing the fluid through the flow meter 132. Next, the

procedure 282 may include opening or closing the valve by a first distance, as illustrated by block 286.
This may includeviieseib e Rreasivircersialze oisiflisppe theatwedrn:tha priptektivieailed 188! The procedure

282 may also inglydmraing dhemrEmRisi s thenbdiehilony with the valve opened or closed by the
first distance, as illustrated by block 288, and opening or closing the valve by a second distance, as

illustrated by block 290. These acts may again include the above-mentioned steps of operating the flow
meter 132 and tha.valvEh2fysidexibitblipracedirerdiZhp ayassiude quetisarightpesearameter of the fluid
flow with the vaI\L? Rﬁ@ggg%r closed by the second distance, as illustrated by block 292, a WO
2008/095113PC %681 20 step which may include operating the flow meter 132. In some
embodiments, the measured parameters from the steps illustrated by blocks 284, 288, and 292, may then

be compared to ggelatignshiR@hiRe farameteiie distarcres it Aschestigi&percentage of the needle

142, stored in memory. Comparing may include comparing the measured values to the above-mentioned
stored correlatioMBEIEER FRRERCILFBAN FANETIRE FIDALIFRTE PRV EEPUNRGYUs the correlation
illustrated by FIG. 19. Finally, in some embodiments, the degree to which the valve is opened or closed

may be adjustedlgaseq_lgg thset cr%rgpg{élso A9 ifl]lgrsetlraﬁg b el:r)TI]cl)é: %Qg. t[grcl)zgn{vaile the invention may be
susceptible to various mOdiHcatons and artétnatve Porms, spemﬁc embodimants have been shown by

way of example #sshabiaeanykiserihaaiehceNnalescribddriradetiivherein. However, it should be
understood that the invention is not intended to be limited to the particular forms disclosed. Rather, the
invention is to cover all modifications, equivalents, and alternatives falling within the spirit and scope of

the invention as HefinedNHRERBIGIY hpenbstEIdhpgneter comprises a positive

displacement flow meter, and the valve comprises a needle valve.

18.  The system of claim 16, wherein the chemical injection control
assembly comprises a controller configured to control the valve based on

sensor feedback from the meter without any position feedback from the valve.

19. The system of claim 12, wherein the ROV interface comprises a torque
tool interface configured to transfer torque to a drive shaft extending through
the housing, and the drive shaft is configured to move the tree interface

between a secured position and a released position relative to the tree.

20. A system, comprising:
a chemical-injection management unit configured to regulate a fluid flow of
a chemical into a wellhead, wherein the chemical-injection management unit
comprises:
a housing;
a chemical flow path through the housing from an inlet to an outlet;
a positive displacement flow meter disposed along the chemical
flow path in the housing;
a needle valve disposed along the chemical flow path in the

housing;



24

an electric actuator coupled to the needle valve;

a controller coupled to the electric actuator, wherein the controller is
configured to control the needle valve based on feedback from the positive
displacement flow meter without any valve position feedback relating to the

needle valve.



