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 \OHEMIGHNIOINJ BECTHONI VHAN AGHMENTISWYSTEMerstanding 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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exampl ?em'c -injection management sys are used to inject corrosion-inhibiting materials,
foam-in%ﬂg ihé@%&éﬁi&%&%ﬁ Egﬁ{ﬁgeré\%ﬁga%?%rﬁ%%r 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.

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.



WO 20081095113PCT/US2008/052681 2 [0005]The life of a chemical-injection management system
may be limited by its mechanical components, such as gearboxes, motors, and valves that can wear
out. FurtherW2a&/89ahtd actuators used to control flow rate can drift over tRed/E¥00H8526bdsult, the
accuracy of the chemical-injection management system can decline. These problems may be
particularly acute in sub-sea applications, where the chemical-injection management system may be
difficult and/or expensive to access. Replacing a worn out or inaccurate chemical-injection
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[0008] A teima pmylwqopwpe@larq/\aem@mrmbesearappﬂvdaaomsn wheu@mma‘ ehemithht depicts an
exemplrwéchemlcal njection ma emen&é é alve rece Ie in accorif? e Wlth an
embod ST B BT P LA B SR Tt o e B SR  Ee A R e jction
managevoembut or inaccurate chemical-injection management system can significantly add to

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;



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 exempla®WA3W&8kor in accordance with an embodiment of the pres@&{ESAHIBOE68MO
2008/095113PCT/US2008/052681 3 [0014]FIG. 8 ¥s 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 embodiment
of the present technique;

[0014] FIG. 8 is a diagrammatic view of the flow regulator of 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-



[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
equalizationYPode849h & cordance with an embodiment of the present tecHiUIES2O8PSIPSG. 12 is a
cross-sectional view of an exemplary flow meter infaccordance 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 theglevifimeeaisibriGnaa: therimaderteaad ieviclite dodalepense éb%ifiomo@speutihe& [0021]FIG.
19isa g nqh depicting nee Ierznp ﬁ'tkon ver s flow coe |ent for the. v?lve Rf FIG. 7; a
pliance with system-related 4hd DUSINGss-related constraings, 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



[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 ¥ hi8/8pEditic embodiments of the present invention will be dd¥CFHBEHENIISThese
described embodiments are only exemplary of the hresent 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
developddré s¥imgyraeehfaatuad s leoteintaipe ctson gy steginhetingpreiesign sucjeet, numerous
impIemthation- .Woﬁﬁ2008/095113PC /1US2008/052681 4 sgicific decisions must be made to achieve
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present invention include a emical
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,



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 expleonasklugiawsititemt egalatizisaexenesngefendifpoeditnecanipol ef/timeirn ableyoham eewithiraaccurate
over longer perjods of time than systems exercising feedback contrq|, which typically relies on system
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sealed housing to contain the protective fluid and a pressure equalizer to reduce hydrostatic loads in
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management system are discusse FIG. 1 epicts an exemplary resource extraction system 10
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resource extraction system 10 can be con xtract carbons (e.g., oil and/or natural gas).

In som@@ﬁfﬂo‘iﬂmJﬂﬂ@$ﬂw@om§@@m¢t%mmcb@m@yéi@mepbtmage%iq@diurﬁhwu,cﬁrméprosed a subsea,
and/or ?H@@H&H’iﬁ%@ fﬁ?@ B dUREIG!; \ﬁ}gﬁ-‘ﬁm‘Fﬁénécq%@ﬁtfﬁgéf‘em%ﬁé%ﬁé%\éﬁ 4002 71wWhen

assembled, the tre ay couple to the 12 and inClude a variety of valves, fittings, and controls
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14 by thevalve fe6aBtae R ARidhses 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.
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regulator 20, a pressure equalizer 22, a housing 24, a tree interface 26, and an ROV (remotely
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include gipmMponeMciass RO theislovHoROY iewraasla®ri) Ipsiag ascssaeytheaiisie. As
discussed in reference to FIGS. 10 and 11, thef)ressure equalizer 22 may facilitate the inclusion of a

protectiSBAIRIAGVAReh TOBARENET IRObRLAIRER fife WIHRBVIRY CRRSHIHESHitRiIRAHRIRBICiAg 24. Prior
to addresgine thesereaiuReSVN HalpbeingipananRAtthefthreheimical-injeciendranagement
system 16 are d,iscn]Js%edW[gOZQAWith reference to FIGS. 2 and 3, the housing 24 may include an
outer-egymmetrically 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



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 62 may be made from a generally rigid, WO
2008/095118POCH8/693038/052681 6 corrosion-resistant material and may FéHeraRYGEHRHSB R right
cylindrical volume with a circular base. The tree-inferface shield 54 may extend from the side wall 48
beyond the inner-end plate 52. The handle 50 may be affixed (for example, welded) to the side wall 48
and may have a U-shape. Some embodiments may include additional handles 50. [0030]As illustrated
by FIG f&idMeESBtmmbeﬂé flag ooclddé, aksy, 96 phpedih ains S laittdain miatdaten avitkeldodrical
connect‘gfje%a %ld -inlet ¢ nector 66 ar%((ha fluid- outlet connector 68. In the tgjresent embodiment,

ti
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[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 116, a complementary fluid-inlet connector 118,
and a complementary fluid-outlet connector 120. In the present embodiment, 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



[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 mounithg A¥EEEIP3 3 keyway 94, support flanges 96, an outer flangeFS8/ESZAMOR68HUre 100, a
valve tray 102, and tray supports 104. The fluid inl8t 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 WO
2008/095113PCT/US2008/052681 7 fluid outlet 88 may be a fluid conduit, tube, or pipe that is in fluid
commufupatiah initht Heevaliie b erheeeetlca icaticaeiibbySf roay1@upksithe powslicaiurce, a user
input device,.a disgi]a and/otr a sglste%controllﬁr. The mguntin flanﬂéa ?\g may be configured to
couple HHECHRE SUSTSS T thée %Y%eo%@(ﬁg SRR RN S STRYATRIS o
configuoed pe et Easihr thig klyamitprebeapleeimieal in R eineh Imanaderttert gyiste thé G lig tinecva ol
receptacle 18 during.an installation of the chemical-injeciipn management system 16. cifically, the
vaive oS D R e e s R R T S R s o 16 e
it slidedanth B waly dapestned Groagt the lstot 36 dnaiftbtheaitigpfritbtizatide chartifersel®8y 94 to
rotationall R ition the chemical-injection management system 16. [0034]Turning to the features
iIIustratgHEé)yc@G. 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 116, a complementary
fluid-inlé@Q@3bhectbp fa8ndhe aleolripet oo fdfcenrrtliansmhiaiarea k!l ianibeREMM@YIbodiment,
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and the slot 106 may be configured to align and receive the latch 62 from the chemical-injection
manag&aiErd 4y stem can fmay dranareteapppexioratelyithadiist 29 hedy elattommiiihéd to receive the
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the electrical"connector 64 on the chemical-injection management System 16 to the electrical
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ROV may then submerge and convey the chemiical-injection management system 16 to the tree 14

and plat®WeyethOsckseriiieleicrhid Rovtpbg igtaiethavtRdhfcdPinj 08 dhmdxrke ssreiddystem 16

to alignhe, Kayeefry i As IRy WaMAArdE HRMY (anvethetediyadnmechesvraliiigronditirgement
system 16 WO 2008/095113PCT/US2008/052681
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



8 forward into the valve aperture 100, as indicated by arrow 121. As the chemical-injection
management system 16 moves forward, the guide pins 58 and 60 may mate or cooperate with the
chamfered APRAMEE9$13 and 114 to further refine the alignment of the che RidAANE8152681
management system 16. With further forward mov&ment, the latch 62 may be inserted through the slot
106 with the aid of the lead in chamfers 108 and 110. [0036]To form the electrical and fluid
connections, a torque tool on the ROV may then rotate the torque-tool interface 78, which may rotate
the drivestafiéenvibohthe sawlBheTieftanr 8k masntiansiow spperexivolieatye taedifst 9oefaotsition of
the dri\(/_)ﬁsh It 80 into ot&tion q'[l latch 62, thereby positioning the latch 62 out of alignment with the
slot 106 4lid &\ﬂgga'ﬁlfop Tt é he latch 62 from 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

couplin{P939ay dwaisresotdiiba exemptaaivalvnitld ke dapiciediivther polingetinaaaiave2 back
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generally prevented from moving kwards by t e receptac s the is pulled

backvya*ré@,, mégﬁ@mitéﬂiaﬁiﬂomma‘r@aﬂdm@swﬂ an ewiey @I@lﬂt@ﬂ&ﬁ’i@nsﬂte flwainatedand the
electricglLanglfuld cong ‘?ﬁﬂlzri‘ﬁcrlﬂ% Qg@%ﬁ?&g 150all ﬁ‘ﬁ é?&ﬁé@?ﬁ%ﬁ#ﬁggﬂggﬁéhﬁ%eﬂ&

chemical-injection management syste and returnto t

rggqlatdAZWau h@wmﬁgég@ﬁtﬁ@dim&rlm@r@ﬁaéet&mg@ e .lady, 53%%&@&&&@@1@ FggRMator 20
within ayggaxyay RaTipRRHES *f@pbﬁ‘@& ﬁé’@ﬁjo‘?sﬁlgeényeﬁgﬁﬁﬁ M ftew sequlajar 20 jry igglation.
of a that may be e

FIG. 7 is a cross-sectional view valv ployedin the flow regulator 20, and FIG. 8 is
a diagrammatic representation of the flow meter 20. FIG. 9 illustrates an exemplary flow control

procesdQR40Iay 'PePecElRN Byitid MAY ReyuiAE o8 BIMNRARRPIIIBIE 3B, RASTARIAYEN 20 may
include figichconrdudsat 34 0L 2hpiiew 86t aake/diR8, eovaivp dyMediaud flow Weleh Hezy aad a

controller 134. As explained below, the flow regulator 20 may be configured to regulate or control a

flow WePLBESItRbe1auistRiRid/b896d e papsitelde SRk B MO¥RMASIRANBNGERY a mass flow
rate, a ¥Rl e.58 1 Yo trdrsecof duidHewhaugiotevaRlbl®8. 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



[0039]Features of the exemplary valve 128 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 0:H8%#9PYU8et manifold 150. The illustrated needle seat 140 nR&TTHEMIOR0GRBkures 152
and a narrowed fluid path 154. The needle 142 ma¥ be configured to linearly translate through the
body 136, as indicated by arrow 156, and may include a tapered tip 158 disposed generally within the
needle seat 140. [0040]Iin operation, a fluid may flow in through the threaded inlet 138, pass through
the neegdsitioat didPlaureridow faw ohsher valvatlia3 tedloayh meteluit 32 ayhiehcavalgloesebiapled to be

outlet mcﬁlnig(\%)ld 15e0' Trr1e n eg\}er Lé42 rrna be moved asI indicatzd b @rrowcw to ci@/ré)ilthe. flow rate
through RECVMITECESE AR (I SRGIR cfé’%%?a?vr\}ﬁ 59 A9 u% iPAQ g 3}3% R‘M@gtapered
tip 158 toedtaktanoaigbw e fleic padle 1 dlavemated €32 ataldbentay owatbicane S flothgate may

increase, Caonversely, as the.needle 142 is driven into the bpdy, 136 or moved downwards, the gap
pomecl T B H FLe 8 T Pe T ey e e ey 6 2R R P whrougn
the valwellZ2Bavay Hearaatzerdfanistcies la rats imap gbribealiglde t&28 imayhgevieltathy eordéspond
with the_position, of rL needle 142, The valve 128 may have a turndown ratio greater than or equal to
1001, TS e R ey B R R S R SR T et
flow ratesa|QfRgRdudEterurid Ghey thenikisitatad/valve dsilie d 38t ay tinelfidiel onotqy thédea

gearbox 162, and a contral signal path 164. T'he motaor may haye a direct-current (DC) motor, for
el TR L RIS, (i AR RIS, LR BB R B Sl e, & g
power rasisepiidhetarperesabiix dathca g ao tatyosanexceds ro e g bas onedeenzbodiiter megtdrese

components. 160 and.162 ma immersed in an iI(ing d.environment explained below.
ot it e e S RS Rl A N ke e A
[0042] Tthaflowenetdrtd 3D hay300iude @0 hicdbm1&0066, d Heaiflauteetsds! 3ththaynieagararadiyt signal

path 170, In ' f . b 0 3 /052681
10 pos s Glras RS et e e e PN Corcnineel
measurih e filow raeécor S ouay be setesirfgrapvebsuesligpdatedibgratiieid keiving kseréStiksiugh. For
exampl ot[{% flow meter 132 may be configured to measure the volume or flow rate of a moving fluid

by dividing the fluid into generally fixed, metered volumes. The number of metered volumes may
generally determine the volume and/or mass of fluid flowing there-through, and the number of metered

volumel0948linit fid¥anaggeHehlR BesiiMardishaconamitievanpte maay auiaibiest éibtfiuid flowing
there-thiouglbAg SEMRISBPENIBENE, Birfew @alefct)MAY REpIRAmRitr ARty iRdsr Assembly,

a peristaltic device, a rotary vane meter, a oval-gear meter, a vortex meter, and/or a nutating disk

meter. YRESRWirddferayiynas phileidsulRaedusealite gresitersisrireaiuanidlavonetend-d2 700:1, or
1000:1 yJhesfipys msipraiae W&%@ﬁﬂﬁ@'Mifﬁﬁlpgr%%ﬁ@ﬂﬂfaﬁﬂﬁféﬁﬂ%é?lbﬂ/\?%%& resistant.

Additionally, in some embodiments, the flow meter'132 may be rated for pressures greater than the 5
ksi, 10 NSIUTERSirsp Zoqesrelation 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)



[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 correltion 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.
Howevenrtishooidibe. nbted thatcmbtitimemiso thie eptstaiheiutyme sodl iovd aetess edaynbiemployed,
such as a dif{ rentic%lé)EFssure tflov;{ eter. [ﬁ04 ;)Ths controller 1,|°>jinay inclﬁde a E}:\é{)chg,or 172 and
memory 974, TRE CORttSIEMSE mayr dB X0 ﬁgﬁ? LEHEIRMRRNE T VAU ASRHSH TRE L mass flow
rate, a velidableomadiass 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 106> 0nakace e M Afia RAbstdse AARRB ANOR Al TER.Iter 28 IS RN

controller 134 may include are and/or circuitry configured to execute a control routln(g, such as a
proportibestonregtivasiepafigar ¢rl ) coroeanitgan she3RCiinaamgiosrs &6 maywhedluigitine. In

some e%‘?%ﬁ’é’&“?&%é*ﬂﬁr&%*&ﬂ'i[ﬁé‘t“%é‘&?f#ﬁé %ﬁ@@ﬁ}é%dog d’?lluﬂ?rg fmg P83 INeIOW DJElidB2 may

be stored iIn memory 174 or another computer-readable m IG. 8 is a diagrammatic

represem@iiivib He aldive ygivatd P aydrerididith chertedriedhertuidmigtingbief dbaviégmiuids, the
fluid-inlet gap %‘F‘%Lﬁg_ @m@vﬂ%?dft&gﬂww@kedAaahl?oM@g%@ IS %ﬁﬁé}f1t88p§§(§%% 1ty dtd

conduit 122. The fluid outlet manifold 150 of the valve 128 may be fluidly coupled to the fluid inlet 166
of the flbR2rieagrast fgiglycametrddediel dividoau el gaonamoes mydlvigieendgior e fisinmeter 132

may befujoly GMRIERLIostRE Y 'r@HtE%tS%V'E;FYHF&%QMJH{@%%W&%WW%?g??aé@?tﬁ@””e‘:tions

configured to convey mformatlct%, data, and/or’control signals, the controller 134 may be

commueRidtRisy tadprayibatee funumieadivelpasy meddardiadioveigese hal? bronagasiy eieaiive drive
130 by copirplsignalgathd R uidiionai e 6 B QYR dP4JRAY Rar BN URKAHI¥ANIGOHRed to the

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

and for epaialles J8doway. tnearBEIBigatvely IRIEHIQiHlG Beolita eRIveetsY Sddane valve 128.
[0046]In oRerANRRIDR GRRIRIRE L3P e SITRdeedRaR oA Ry s{leid oy tiraugh the flow

regulator 20. The controller 134 may transmit a control signal to the valve drive 130. The content of the
control SYHEPRAPBETetdNRINESHP, thDaRehan calky i ienBbiretive 1RAanddherale.g., a

volumetriggflow 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 silgr,lal the valve

drive 1384884ithdraRRALHER IR GO UEIE" diSthRRY RrRISHNGERR T SMYIPNRYY IR HQHe

gearboxht6dg ANHd R @aadiaXtdp20nay OBy AtidMsAtiGIRh AP YRINE AT fre BoteomsitRTal 69 1hto linear
translation of the needle 142. As a resﬂ{b in some emboijimen s, the flow rate through the valve 128

may incfRELY enE30ap e GRBI HOtBE NP SRR AN S RE eI RA Y (L RvEd AlicPpath

154 of themeaeseatwéen 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



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 WO
2008/095118P0C18/693038/052681 12 flow parameter), the controller 134 nfyTSHALNH820%4ve drive
130 to drive the needle 142 some distance into thd%valve 128, thereby potentially decreasing the flow
rate. In other words, the controller 134 may signal the valve drive 130 to move the needle 142 some
distance based on a flow parameter sensed by the flow meter 132. [0047]To control the flow
parameflery tharandtetetisS4omby bxetGsafap digrak aimel Al feedrivevtB0l toontive tfi¢hecealle drive

130. For jnstance, jn some .e diments ontroller 134 may receive a drive feedback signal 175
et - R e SRRV S e T el e N il
175, tt:?urle;r?qﬂimsliﬁmmd ylkfaweﬁi$_€4etlaei%i¢§hrm{ttrglmme_tﬂnia/pcfsﬁml mqﬁﬁmrnleafdieeméﬂ@at is, the
controller : send a control signa that is determin t least in y a comparison
PomweoR e AR R i B R e B T T R LR moarle posiion may
be determined by a table, equation, and/or relationship stored in memory 174 that correlates needle
positior @@#7llow Taxeehiceigheliovaparamgiernibediatsred e Sibyiray fexensisk ieastbsiaver both the

pOSitiO%ﬂﬁ%egéfbﬂgﬂir%?oaB&w%l %ﬁ%@%&%%d@%@? ?'6?:@1?1%&%% d A B S RIRHRE Fentrol

loop, e.g., a ck control loop directed toward controlling the needle position nested within' a
feedbadRe6afEPIRIp! dtabR) reveire AdditelRegitest sigplrddietbat[c0nd|saive embbdiments may

not inclyg IS A OHEhIRR.PI SPEAcSTRRIRN 3 A5 SEARATIE! 9B FRAHBALE imiterfashipg. For

instance, In some embodiments, the controller 134 may notreceive the drive feed signal 175 or
may paggatiodeenreayseageeisehieerivade sapiick eupidhemnsiiicahithemaeditnénss, tHeatontroller

134 may, exeraishifBRd- IPswars gl SXBHIG B@%@g‘ &4 e flishdel 2k dBEirgRirpller 134

may transmit control signal 164 to the valve drive ased on a difference between a desired flow

parameb¥ra/GRIBRATEF aMRivGed Wﬁaﬁafﬁ@@aﬁ‘éﬂ&g nabirdenda é%ﬂ reshneedigdRrsttive. needle
142. In pHeguards Bk $BSAEIHRRY BRIt HHEAD 7 S1SE COFRIALAN ASiSSBIIEE A pPsition

and flow rate through the valve 128. For instance, in operation, the controller 134 may determine that
the curAfeiinfedmacTyw F4tEhaire0dR!alesIBRegRARH QD Vil do tharieHE @ Reth9oiaetric flow

rate and o resRBBEMnEINSR M KANG Reud A0 A8t e r hithARRG BRI H A RERRS/P2681 13

and the flow parameter may be characterized as having a nested control loop, e.g., a
feedback 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



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 needle 142. [0049]Advantageously,
embodimen¥AlH8PE Hested control loop may control flow parameters mBET4eRAME BN GVer a longer
period of time and under a wider variety of circumdances than conventional systems. Because some
embodiments do not rely on a correlation between the position of the needle 142 and a flow rate
through the valve 128, they may be more robust in the face of changing conditions. For example, the

taperecoiyzifioB of the needle 142 eothe diztemeed fhusbpatheigbafrtiente edecedatdiEd mgxy wear and
change the relationship between the pgsition of the negdle 142 and the flow rate thrqugh the valve
128, SUBRA RSO G S i A s 40 S st R Hon ) WRme s it of the
needle 142. In some circumstances, this error could decrease the responsiveness, stability, or
accurad0@49e fldwivagiagroumly e rbogise ris biidiowd i astieccentesiear oo tipidow

controlljng 1he-pasIAR ' JNENERAIECLA? 17 he HIBHACL IR DUPSRAAUERE! SLRLOR5OIFIG. o

is a flowchart illustrating an exemplary tflow co process 17 ol proces 6 may
include alicsenigtasnsiatham canyanimorrsysiefiosy tBanayse sesl e bodineptsidoadiggicement
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result in relatively robust control of the flow parameter over long periods of time. As discussed above,

certain ﬁ@é{tW@&ﬂ_igpré@é\@@@_@ flaey neletias e beiwesn t@ﬁwiﬂﬂﬁﬁr@w@ﬁréﬁﬁﬂlﬁﬁ g2 angphéved
accuragy,of pIRCIRIRN O &h Il 86GH!Se ey mpasye doviLiredlLrngrdhaminadoydalg from a

correlation between some other parameter (such as a pressure drop across an orifice plate) and flow

rate. SUeRPHMReODIspl A dherpabiamdidie negoik HHBudnaame SiensnBancasatigiesiiane

relationghipPEAKRSIs RS SF%WMEQV%@E?H@UB‘&“EECEF%%?‘BW@%WF%Pa%?é@fdlﬁe feedback
control over the degree to WO 2008/095113PCT/U52008/052681 14 which the valve is open or

closed @niiashaMhrsimasticu e tesissteror obloepisiRaREyHERBOSH RO S onsive to
changegda e 12RHPRID AFROMRRN JOUAIR A SERIVERBH IR br.

[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



[0052]Other features of the chemical-injection management system 16 may tend to extend its useful
life. For example, returning to FIG. 5, an interior 181 of the housing 24 may be partially or substantially
entirely filleMRiAW/PIdtEEtive fluid 182, such as oil. In some embodiments, Ra&/PR3fE8126ALId 182
may be hydraulic gear oil. Advantageously, the préfective fluid 182 may lubricate and/or tend to reduce
wear on components inside the housing 24, such as the driveshaft 80, the cam 84, the threaded
coupling 82, and/or the valve drive 130. To maintain separation of sea water and the protective fluid
182, thevhinlsthg 24Ivediy besulstelisaity (vateriglt, kirsonessizdtacaibalsiationsobdfiffenance in
Istatlc oad on

b h ive flyid d di ' hyd
the moUTR 2 FACBEC DA B, RO AREIFAIBRHE HMQEIRLA Sy ors WSy

pressuranenuailieep @tifP053]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

. p gy . , ’
o the e 2hg S o A e SIS Chor AR SRl 7 P BT more
bladderexi@udF-1Eed iiiastﬁnég_pa@n@é%rsemr@m Vet of theapioiapliry Pieskilre bQuaing:P22. The
b'addern]r%? %fgﬁﬁar'ﬂ}?%ﬂ R &H‘fﬂ/g’\y’f’.ﬂ%] Réﬂ;@f&}%ﬁ@éﬂ%%ﬂf { g?gtgggﬁeé’é)%ﬁﬂel’n"'”y" or

silicone. The b ' 184 may have a‘generally cy ape and couple itting 186 at one
end. [0GSBTERMINGst ANl SitiRG RBBaAYEHtIicHEER Ay a6y deB) seasal oHerAiBaN i@gEaNE 192, and

an O-ring %%ﬂe%/ﬁvzhﬁﬁmtgéi%gj&&m&&%ayw Egﬁﬁﬁrﬁggi%éﬁgﬁ%&ﬂﬁg\ﬂgﬂt@ hifygassage

into the bladder 184. The sealing member 190 may se er 184 to the fltting 186. The sealing
membetheIPoLISHN0-AhgSsisdt 29 1he &Y vodpriiie e eanaSehitihe iipaossieoupting£t8. 45e0secure

the fitting 138J@ & 818G REh M 40P SHasnesa! ly YateHE Iha bt RS B efgend plate
46. In WO 2008/095113PCT/US2008/052681 15 some embodiments, the fitting 186 may include

threadsth%'ﬂ@kfbéiﬁéraﬁe ek ke rpiphstaatially watelign thesomerseidssiaterplicalinns athreaded nut
disposegrruiside of e LURS-B8HRIBHEIRE protective fluid 182 and surrounding sea water may

exert a hydrostatic load on the housing 24. To reduce this load, the chemical-injection

management system 16 may include a pressure equalizer 22.

[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



[0056]In operation, the pressure equalizer 22 may tend to reduce a difference in pressure between the
protective fluid 182 and surrounding water pressure. The forces from surrounding water pressure on
the bladder WEW280¥M&piéted by arrows 196 in FIG. 10, and the forces fromRa&/ Bbeedie26§1the
protective fluid 182 are illustrated by arrows 198. fthe water pressure 196 is greater than the pressure
of the protective fluid 198, the bladder 184 may expand and/or apply a force to the protective fluid 182
and increase the pressure 198 of the protective fluid 182, thereby potentially reducing the pressure
differengiaim énesnbuzdenarmd] nhentistitie1@® tecivie HuideliB2ondy thasobstarbadywiticompressible and

the bladder 184 m rimarily transmit a force rather than expand to equalize pressure. [0057]Some
embod TR O LA B R o Gt s AAne 05 R aesf L TR dea viin =
cylindentitaide of flédargerrenci gatitandsith the protective fluid 182 and surrounding seawater on

respective opposite sides of the piston. In another example, the pressure equalizer 22 may include a
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receiving a force arising from air pressure an ce to the protective tluid. [0059]FIGS.

12-18 iltlhetkiasidetaidomae emamb_t?@di@zapm a_ioirs:a_ tﬁ_dbg-m@&@ih\e@ Hidig \1igd a1dhe flow meter
132, ang £l %ﬁé’ﬁré&%&Fé’%%;é%‘fttﬂB%ré?é’c‘(ik‘?évﬁﬁﬁﬁ'8%”%%@%%?@?&{?%&0&ﬁg‘fﬂHS“t'a'

stages of operation. FIG. 17 and 18 WO 2008/095113PCT/U82.00 . are position sensor
signal tRessyrerdiffereniiaiméiesorse anmmgimenicd tedoreiessival tivididR2 ragydegvely. [0060]Turning

to FIG. 42, dpshflam MiismbsesBIBle BAY IR-2RNEE ASEAMIRY, ZPRraR, transmit a force rather

than expand to equalize pressure.

[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



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 fiar@ 3 sitlunrsengisidemaFiaSe 4 -dif. thiee iohambr i@ Rt dgHerelmmbed228etbe center

rf the inner race 232 may be generally concentric and rotationally asymmetric. The
ehi e

post 230, .
quid-inIg{J Fthe 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 (00D membenigBRi@ahtG haghetfoyn mater, 13 ey tachude aylanehiids setalply 2062429 which

i< visible i 6T ) b i " i ‘
the cant o B. 255 Il e B e BBl IO D8 extends
from th@ll@@m@rﬁc‘bﬂtﬁéd@ﬂ disa fi@dﬂﬂf% amgﬁe&itﬁemcﬂr@yﬂl@é Ragengraly Bighnd@indrical
membeﬁ]%%}irlﬁg%/gﬁéﬂ%nggefgagvﬂp Mh the sidewalls 236 and the top disc 234. [0063]The upper

housing 2 a bo 44, an outer seal 246, an inner seal 248, and a position sensor
assemb[a/ 250. The position sensor assembly 250 rggélzinclude position sensors 252 and 254, sensor

receptald88 Y6 ahte BeIQERS ASSRINRIY IREPRIRE QunAYy9oBaraly 38 Rd ighiengiFall paths
268 andaldthd BRPRSIISS $RRSPRDEP BadeaPeh2 2 rbisy Brregthyviishendial Qgﬂ@%ﬁﬂﬁ%ﬂ’

proximity switches, or other types of sensors configured to detect movement of the rotor 2

AdvantayiriieR! HRAMBYA#bIM I ASASHBELRY YEARRT BRs A ea i daRLI e RRY

2008/09%4y BBGild 1R 6Ra dHeNB8t i onetRBIBRAABBIONSRNSoSMaY Akdddaie Ahe
springs 264 and 266 may bias the sensor mounts 260 and 262 against the génlsition sensors 252 and

254, reSFBLEURRSTARP IR 2IGRBPHRIN S BE AN T A8 it fdRtivery: blish i s Sosition
Sﬁnsﬂff‘rrﬁﬁmoh 8516 remhe eheahb dP@REE e Dasilaih SRk 8 25 A dethérrpaytiespositianre such
that t t
2 eir%%?rr]gce 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



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 thaV§bi¥A98ERsor 254 with respect to the cycle of the rotor 224. FAEUS28/H30Bdtor 224
moves within the chamber 228, the magnet 240 ddés 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
illustratevfent gtapea®batbycpositidte sotmor2L5Pher 2BYdailenToktiserintyy 224 anaydss dnsgn by a
differer;ge in quid%)ressure beét th%gﬁ? inlet Zi and thﬁﬁfluid outlet %%(? T?]sgggvement of the
rotor 2 A B oS A B G AR S OB BT R e -ARSLABH component may
be guidesspydtiechpovEmeand sifi goidie mad mdtdis 288 arod 2y thmayneo mave i28atiVdigtdsuthie tettier of the

rotor 224 may trace a cir, r pat ring each cycle. The position of the rotor 224 within the circular
inner rdt&” f'é] r%%%%ris‘e 5”51%9@%5:%%%8? gﬁ%‘? '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 K6&]la cormaqeeitinrpsansaierdsecoriahd thayibhe pesitiastadravedéiaishaanagnet 24

transla t ined: inner. ' ' %wgl ition. of the
rotor 2?42% a%%llgégtbohtﬁceﬂﬁtogﬁgé IJ%%%IC?(%‘ g &%ggﬁ% c%%?e%ﬁ%ﬁ?o%ﬁ regzziéﬁﬂ%f%%%}fey a dg:tr@%jl Eo%%ga}mtity or
volume2d4iuin semarenikodiments1 8 pesitian sRnkarA%L Keyidshangitinnesaiaphgeteshifithe rotor

224, they &l PN RBYSHRLA"# 3R BBSIHGA §8H§8F| 382 Qi ?éé'p@&%arﬁé‘éféhé'tof'?ﬁéoosmon

sensors 252 and 254 may transmit a position sensor signal on the position signal paths 268 and 270,

respecti?éfpy.zﬂ‘f’e éﬁ”rﬂtdﬁeﬂ&:khenﬁ@’spF&%V@QY@SW@ﬂDUEQQ’EMQPKﬂ?&SQ@GBM%% position
sensor gignajs,pid SoURHIamIa dalmine theepber phEmes ﬂh}é‘tsl% LRI 2A DR BRI time

them to determine the rate at which the rotor 224 is cycling. By multiplying the number of Cycles

counted/ i &aigatiedesurintna st Ml ol ale dentileedibelaeintefemnegiéey T¥dMdy @drmine
a quantiltgjod{f{gp(agwlggt@ﬁ%%%5@\&%6;{0]1@%1&@%@(, by multiplying the rate at which the

rotor 224 is cycling and the quantity of fluid conveyed with each cycle, the controller 134 may
determine a flow rate throu%h the flow meter 132. [0067]FIGS. 17 and 18 de ictr%sition sensor

signals Q98 forviFPrdRr Bl dsitpie oL sirapatl a-s¥pecal g BiRtharme e BIBYSPSMasses
under ogteried Harop EEHOM SR BIOHFIVEZ [N AffbrBiRcBasIIfiSRRSalT @ DR AANTRIG IANGMIt a

SO P TE HUnG GLAet B18. T he movement of 1ha rotar 224 fas 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



[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 MEA88/9240 1dfter the rotor 224 travels through a relatively smalPoto¥ 20084 326% the
position sensor 254. In other words, the phase shit8272 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 pueitianedatigely Jangal scind aaglet hams, ttoddetemimetHeerdirrbionfofiieis thaitibeaontroller

134 m asure phase shift 272. If the phase shijft 272 is smaller than so alue, e.qg., 180

Tog o RS R e R e TR e T GEME RO 1o e 8 b on the
other hamaltiifliegpit@seLshife? 02 ¢y thss chantiw aradlibetiatisctbecapnardilyraf i@y dedgauine that the
compod iR A o e R A D e R S S B e o e
signals flowmntizéepasonSienisoly Byauit@EdgThe rato aif whictintiechetive@24his sigiialg emthe period
may geperally carrespond to the ratip of the phase shift 272 to a complete cycle. As a result, 360
oo Ao e R L B R the GBS Ty SR BN eensor

252 semdtedlacigiratharitbdividddrbl3the period of WO 2008/095113PCT/US2008/052681 19 the
signal from position sensor 254 may generally equal the phase shift 272. In other words, the phase

shift 27y be galsglaiodpi Dadplioning oAl MABIEISENRG A e AT hgositon

sensor nses the magnet 240, tsignal B Is the time atwhich t osition sensor 254 senses the

magnetrQ\t_lﬂ,S@nfdiJiEbﬂ@‘ds_@weﬁtinbb trashEmedreomiseeaheasighalefeshane pbHigon sensor 252:
Phase 3hilip388A 482883 dy-25BNAE BESIES!88h&ors 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



[0070]A variety of acts may be performed based on the direction of fluid flow determined by the
controller 134. For instance, the direction of fluid flow, or a change in direction, may be logged in
memory. In Wéh88/sdtiments, fluid flow in one direction (i.e., forward or rB¢ErE8304RR568ger an
audible or visible warning (e.g., a broken pump wafhing 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 Signaidediicipotiiv) termsgrte malygdéallhe tustthie ploasessiné @¥es an dtvercontrol

zone 276, a, static zone 27 a flushing zpne 280. In. som bodiments, the flushing zone 280
o e S B R B R o A 0 AT e S A Ry LRI, ena »
valve-aidjstriene @Eosbiireasidom senkmtiziecspramsitine 282 med 4%l tgg.raéashenigne parameter of
a fluid flowi hrough.a valve, asllystrated by block 284..This may.include the ahpve-mentioned
Crops ol B e e 8 S 2 AP R 8 TR opering or
closing bedwstvecon sefidi vissagres dsoiutieapessitphlesks2B8@5Phis 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 \Afgi,tﬁatgg ¥alye_opened.or closed by theditst distance, as illustrated by block
288, and opening or closing the vaive Ey a second’dictance" Xalléilfﬁustratest':?rl‘%'yAblock 290. These acts

may again include the above-mentioned steps of operating the flow meter 132 and the valve 128.

Next, tHOGFOEeduMevasshh el FeEREe iR BEHRY TR RaseRkes thedl sehiem ol fvigh tRY valve opened

or closesbiytifia S8 e dlistieicrs Blystraiemh SiaRiechZPdirdcM¥R of fluid flow, or a change in
2008/095113PCT/US2008/052681 20 step which may include operating the flow meter 132. In some

embodiAERLO I &RK REURRDES KTBERO Font IS '8 SENResimRY By IHId dlanisnone glitgei o2, may
then be(compa{pstéoR f@@@@?%@tﬁ@@é}aﬁﬁrﬁ@@b@ SISINsR WaehiRg By StEpkrorerepaiage of the

needle 142, stored in memory. Comparing may include comparing the measured values to the
above-MEHHESRNBHRP o SRSV QEMNFRIN pLRBiBIR KRG RS BES e SugPHPRIAAIANY 28, such

as the gagrgdation illustrated by FIG. 19. Finally, in some embodiments, the degree to which the valve
is opened or closed may be adjusted based on the comparison, as illustrated by block 296.

0073]Whil [ ion. b ibl [ dificati d al ive f : ifi
embociUAE hae Geds SVGUI By Aoy Sr B R4 QUGN M Doh R ibed in deta
herein. gtaplevapitishibelppbsitiornefsteoddbdlidHet yelGion)jsas e peersradde bédisitekico the

ticular f disclosed. Rather, the | tion is t Il ;modificati ival d
BermalobS R et SR SRS RaR AT b Bl B ehe it et e
claims.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



21 CLAIMS: 1. A system, comprising: a chemical-injection management unit, comprising: atree
interface configured to couple the chemical-injection management unit to a tree of a mineral extraction
system, wha¥&3effHdInterface comprises a chemical inlet, a chemical oPEEUSHESOPRofer
connector; a fluid path extending from the chemic&Pinlet to the chemical outlet; a valve disposed along
the fluid path between the chemical inlet and the chemical outlet; a positive-displacement flow meter
disposed along the fluid path; and a housing having the tree interface with the chemical inlet and
the chesteggainditletmaidénelndbeopeheating dibdl pwsitistedisplacknen d @mbwdenantsdig@osed within

e RS T T SRR SR 8RR SR FLGH iy M
be compared to a relationship of the parameter to distance, such as the stroke
percentage of the needle 142, stored in memory. Comparing may include comparing
the measured values to the above-mentioned stored correlation between needle
position and flow rate through the valve 128, such as the correlation illustrated by FIG.
19. Finally, in some embodiments, the degree to which the valve is opened or closed

may be adjusted based on the comparison, as illustrated by block 296.

[0073] While the invention may be susceptible to various modifications and
alternative forms, specific embodiments have been shown by way of example in the
drawings and have been described in detail herein. 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 defined by the following appended claims.



3. The system of claim 1, wherein an interior of the housing is at least partially filled with a protective fluid,
and the housing comprises a pressure equalizer to e% ualize pressures between the protective fluid and
an external fluid. 4. The system of claim 1, wherein the chemical-injection management system unit
comprises: a controller communicatively coupled to the positive-displacement flow meter; a valve
drive commuymjcajiygly coupled to the controller, wherein the valve drive is coupled to the valve to move
the valve between open and closed positions, wherein the controller and the valve drive are disposed
within the housing. 5. The system of claim 4, wherein the controller is configured to signal the valve drive
to change the degfaerto suRighidiig:valve is open or closed based on a signal from the
positive-displacement flow meter. 22 6. The system of claim 5, wherein the chemical-injection

managemerft UGS MEE LR PADGBERR Tt BRI IS8 %tion of the valve to control the position of the

valve. 7. The systemroé ¢haéifiade \vO1&Rig et 6ulgsl éstRe Bk s henugéveerfivaivishout regard
to a current Bositi n of the valve drive, the valve, or a combination thereof. 8. A system, comprising: a

chemical-injd&6dH AENAYahsXHRGHAN SYFRsRisyiyrein the teg Itaach SOMRLSHNG ANaaL N fliet, a
chemical outefh@neareutenars®poand eofretsnical connector configured to couple with a tree of a

mineral extraction system; a fluid path extending from the chemical inlet to the chemical outlet;
:Q/ﬁwg]path exteﬁalng ?Fom %e%hemlcal inlet to the chemlcal outlet;

a valve disposed along the fluid path between the chemical inlet and the chemical
outlet;

a positive-displacement flow meter disposed along the fluid path; and

a housing having the tree interface with the chemical inlet and the chemical outlet,
wherein the valve and the positive-displacement flow meter are disposed within the
housing between the chemical inlet and the chemical outlet.

2. The system of claim 1, wherein the power connecter comprises an electrical connector.

3. The system of claim 1, wherein an interior of the housing is at least partially filled with
a protective fluid, and the housing comprises a pressure equalizer to equalize pressures

between the protective fluid and an external fluid.

4. The system of claim 1, wherein the chemical-injection management system unit
comprises:

a controller communicatively coupled to the positive-displacement flow meter;

a valve drive communicatively coupled to the controller, wherein the valve drive
is coupled to the valve to move the valve between open and closed positions, wherein the
controller and the valve drive are disposed within the housing.

5. The system of claim 4, wherein the controller is configured to signal the valve drive to
change the degree to which the valve is open or closed based on a signal from the

positive-displacement flow meter.



a meter disposed along the fluid path between the chemical inlet and the chemical outlet, wherein the
meter is configured to monitor a parameter of a chemijcal that flows through the chemical-injection
management unit; a valve disposed along th&luid path between the chemical inlet and the
chemical outlet, wherein the valve is configured to selectively adjust a flow of the chemical through the
chemical-injection management unit; an actuator coupled to the valve and the power connector; a
housing having the tree interface, wherein the meter, the valve, and the actuator are all disposed within

the housing PetlESHIRE HeratRISnIupersi e chemicalrimiRriion P raeRL VR HARFHIRYISEd within an

interior of thechabsiRGel &inth® aYsHsivATF BIEVEIWHE (IR DIEIRCHSRIA0EOMBESAS/AN electric drive, the
power connector comprises an electrical connector, and the meter comprises a flow meter. 10. The

system of claim 8, wherein the housing comprises a torque tool interface coupled to the mechanical

connector, andthe sjeriMarieallgPRECifidrieRPnIINer tostetmsig it Sossiged the hansingitethe tree
and progressively move the chemical inlet, the chemical gutlet, and the power connector into engagement

with mating YOHIREET9760 {RetredTent PPRIQY<RE B AR & 1Von dh&irY B ciot i CaTRyBeIsA

managementhgribEomprises a pressure equalizer to equalize pressures between the protective fluid and
an external fluid. 12. The system of claim 11, wherein the pressure equalizer comprises a bladder.

8. A system, comprising:
a chemical-injection management unit, comprising:

a tree interface having a chemical inlet, a chemical outlet, a power
connector, and a mechanical connector configured to couple with a tree of a mineral
extraction system;

a fluid path extending from the chemical inlet to the chemical outlet;

a meter disposed along the fluid path between the chemical inlet and the
chemical outlet, wherein the meter is configured to monitor a parameter of a chemical
that flows through the chemical-injection management unit;

a valve disposed along the fluid path between the chemical inlet and the
chemical outlet, wherein the valve is configured to selectively adjust a flow of the
chemical through the chemical-injection management unit;

an actuator coupled to the valve and the power connector;

a housing having the tree interface, wherein the meter, the valve, and the
actuator are all disposed within the housing between the chemical inlet and the chemical
outlet; and

a protective fluid disposed within an interior of the housing.

9. The system of claim 8, wherein the actuator comprises an electric drive, the power

connector comprises an electrical connector, and the meter comprises a flow meter.

10. The system of claim 8, wherein the housing comprises a torque tool interface coupled

to the mechanical connector, and the mechanical connector is responsive to torque to



13. A system, comprising: a chemical-injection management unit configured to regulate a fluid flow of
a chemical into a wellhead, wherein the chemical-injfgtion management unit comprises: a fluid path
having an chemical inlet and a chemical outlet; a motorized valve disposed along the fluid path
between the chemical inlet and the chemical outlet; a flow meter disposed along the fluid path

between thesgbgmigdl ifgdingddhachemisal protpbssively md @ MHECUREBUAMMIBICALY @cadidRied to both
the flow meter and the motorized valve, wherein the controller is configured to control a parameter of fluid

flow throughAHeEHARGIREPIREE FSNECTREHINR ERBPAEAOM tThEZHE ARDRGCIQRPN the treg housing having
the chemical inlet and the chemical outlet, wherein the fluid path, the motorized valve, the flow meter, and
the controller are all disposed within the housing, wherein the housing comprises a tree interface having

the chemicatthidf&R¥LHEAICERETR(WVALBIRAPT SRFELBI Dot HIen RATREGHISHSSUHCPMPEISEHE a

mechanical pestagriaieantiouedeuantplpréis ere frivAdn] ecdigiiorenag eMIRNbHAIkIP éxteeeapf a mineral
extraction sy?tem. 14. The system of claim 13, wherein the flow meter comprises a positive-displacement

flow meter. 18!9rhe system of claim 13, wherein the controller is configured to exercise feed-forward 24
control of a position of the motorized valve based on a difference between a desired value of the

arameter and a value of th rameter indicated by the feedback signal.
P 12. The system o?é?gim 11, Wherein the prglssure equalizer co p?ilses a bladder.

13. 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 fluid path having an chemical inlet and a chemical outlet;

a motorized valve disposed along the fluid path between the chemical inlet
and the chemical outlet;

a flow meter disposed along the fluid path between the chemical inlet and
the chemical outlet;

a controller communicatively coupled to both the flow meter and the
motorized valve, wherein the controller is configured to control a parameter of fluid flow
through the fluid path based on a feedback signal from the flow meter; and

a housing having the chemical inlet and the chemical outlet, wherein the
fluid path, the motorized valve, the flow meter, and the controller are all disposed within
the housing, wherein the housing comprises a tree interface having the chemical inlet, the
chemical outlet, a power connector coupled to the motorized valve, and a mechanical
connector configured to couple the chemical-injection management unit to a tree of a

mineral extraction system.

14. The system of claim 13, wherein the flow meter comprises a positive-displacement

flow meter.

15. The system of claim 13, wherein the controller is configured to exercise feed-forward



16. The system of claim 13, wherein the motorized valve comprises a needle valve. 17. The system of
claim 13, wherein the parameter of fluid flow is a volymetric flow rate. 18. The system of claim 13,
comprising a tree coupled to the chemical-injection f}inagement unit and a well coupled to the tree. 19.
The system of claim 13, wherein the tree interface comprises a tree interface shield extending around the

chemical inlepritiel @TerpiEation B thh meRWesCoaNe Bl Pol dRrFrRababitdleAN@aREdWARKEIN the tree
interface cogfrises at least one alignment guide. 20. The system of claim 13, wherein at least a
r

substantial gOrisPEFAREIRERG 2oratve ABHS R RMAIH AR M ERETESARREX 59NFhe system of claim 20,

wherein the protective fluid comprises oil disposed about a motor and a gearbox of the motorized valve.
22. The system of claim 20, wherein the chemical-injection management system unit comprises a

pressure eqialiZEE RS e hbYdKERID B marsised salye SoBRIise A AREAIR ¥lYEe fluid and an

external fluid. 23. The system of claim 13, wherein the housing comprises a tool interface coupled to the
mechanical connector. 24. The system of claim 23, wherein the tool interface corﬂ%ri es a torque tool

interface cor?f?gl]-l%%tﬁ%%ffg} que WS RIVEEPRATBSIR RS HY Eh HAYY S SN ADEHG, T e drive shaft

is configured to move the mechanical connector between a secured position and a released position

relative to the tree. 25 25. The system of claim 23, wherein at least a substantial portion of an interior of
the housing @fill-&e\/\ﬁﬁf’?tﬁrﬁr&%é@@‘ﬂdﬁ SABBTISHRLSArd e AT s@isﬁﬁséhei Wi’%@gfﬂa to equalize

pressures betaeeR@nusiestve el cnplen extiesmekfluid.

19. The system of claim 13, wherein the tree interface comprises a tree interface shield
extending around the chemical inlet, the chemical outlet, the power connector, and the

mechanical connector, wherein the tree interface comprises at least one alignment guide.

20. The system of claim 13, wherein at least a substantial portion of an interior of the

housing is filled with a protective fluid.

21. The system of claim 20, wherein the protective fluid comprises oil disposed about a

motor and a gearbox of the motorized valve.

22. The system of claim 20, wherein the chemical-injection management system unit
comprises a pressure equalizer disposed in the housing to equalize pressures between the
protective fluid and an external fluid.

23. The system of claim 13, wherein the housing comprises a tool interface coupled to the

mechanical connector.

24. The system of claim 23, wherein the tool 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 mechanical connector between a secured position and a
released position relative to the tree.



25

25. The system of claim 23, wherein at least a substantial portion of an interior of the
housing is filled with a protective fluid, and a pressure equalizer is disposed in the

housing to equalize pressures between the protective fluid and an external fluid.



