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METERING VALVE CROSS REFERENCE TO RELATED APPLICATION [0001]This application
claims priorilYa3W086R2dvisional Patent Application No. 61/120,227, entitlRCBURBEGCHEmical
Injection Metering Valve", filed on December 5, 2008, which is herein inOIrEeA3t30BP Eference in its
entirety. BACKGROUND [0001]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 discussioS B8 EAcOHENOAIINJIECTNNNM ERERENG VWALhVECkground 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.

[0002]Vegie 855 REFEREAIGE ABSIE [9SPEF Pl pvArRoNface of the earth. For instance, oil,

natural l%as and water are often extracted via a well. Some wells are used to inject materials below the

surfacelBPHH earth, &1YS APRUERIRF RURSOAFGERIdR, YosibroYiateral Galeot AraiGaEoBNG inject
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resources, wells are often drilled at great expense, and great care is typically taken to extend their

useful @9_08, which is herein incorporated by reference in its entirety.

BACKGROUND

[0001] 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.

[0002] 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.

[0003] 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.

[0004] 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.



[0003]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-inWigigAty/Aeaddials, foam-inhibiting materials, wax-inhibiting matePalsUsH¥pfodntXreeze to
extend the life of a well or increase the rate at which resources are extr&I&tOIBHEWRET Typically,
these materials are injected into the well in a controlled manner over a period of time by the chemical
injection management system. [0004]The life of a chemical injection management system may be
limited Byitheneshesicalaragmoaits asel & grarbbies; ratdarsn anift \»iee sithat @ad, wear out. WO
2010/06521'[?PET/USZOOQ/O?‘#ZBZ hZO'I'.E- 3139,[6PCT Further, seEnsors and acéua}ors u‘f‘ﬁd to control
flow rateearr dhft 89&YTHRE CAAN S0 AP R R TG S TR ERER R RIS SRS TR anagerent
systemmabléectmayl besegptichlarhsavatelhie pabttisaadpplatdnsubhsea tgpbbatoinal where the

chemical.iné'?ction mana em?nt system m b& giffi ult %nd/or expensive to accessRReI Iacin%aworn
njection managerient Systen may e ifficult and/or CXPensIve ﬁo aceess. Re gtm q .
out or inaccurate cherical injection mandagement system can Sighificantly add to the €ost ofoperating

a well, fsoinstaih ce iR FaDEGERIRA O Cifo M HEAMRQYAMWNGEY 0 5jdhasgniichotlyeaddatures,
aspects, and agv?nta‘_%g%? of the gﬁe?ent i&\éerétéon will become better understood when the following

a
detaileghaeeggrsipﬁoﬁ% Eendif (\g(emp 5}9 embodiments is read with reference to the accompanying

drawings in which like characters represent like parts throughout the drawings, wherein:
BRIEF DESCRIPTION OF THE DRAWINGS

[0005] 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:

[0006] FIG. 1 is a perspective view of an exemplary resource extraction system in

accordance with an embodiment of the present technique;

[0007] 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;

[0008] FIG. 3 is a rear-perspective view of the chemical injection management

system of FIG. 2;
[0009] FIG. 4 is a perspective view of the valve receptacle of FIG. 2;

[0010] FIG. 5is a cutaway view of the chemical injection management system of
FIG. 2;

[0011] FIG. 6 is a side-view of an exemplary flow regulator in accordance with an

embodiment of the present technique;

[0012] FIG. 7 is a cross-sectional view of an exemplary valve in accordance with an

embodiment of the present technique;

[0013] FIG. 8 is a diagrammatic view of the flow regulator of FIG. 6;



[0006]FIG. 1 is a perspective view of an exemplary resource extraction system in accordance with an
embodiment of the present technique; [0007]FIG. 2 is a partial perspective view of the resource
extraction sYse&e180p3801 that depicts an exemplary chemical injection maha§airidie/89tidin and a
valve receptacle in accordance with an embodirdent of the present techQ{EORIRIOPET. 3 is a
rear-perspective view of the chemical injection management system of FIG. 2; [0009]FIG. 4 is a
perspective view of the valve receptacle of FIG. 2; [0010]FIG. 5 is a cutaway view of the chemical
injectioj0OtdpgerRht Systarorofs-Keclpf011¢m Gf Bnseasnisiang\wretaorexeauplagrfinw regulator in
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[0015] FIG. 10 is a flowchart depicting an exemplary pressure equalization process
in accordance with an embodiment of the present technique;

[0016] FIG. 11 is a cross-sectional diagrammatic representation of an exemplary
ultrasonic flow meter used with the flow regulator in accordance with an embodiment of

the present technique;

[0017] FIG. 12 is a graph depicting needle position versus flow coefficient for the
valve of FIG. 7;

[0018] FIG. 13 is a flowchart depicting an exemplary valve-adjustment procedure in
accordance with an embodiment of the present technique;

[0019] FIG. 14 is a cross-sectional view of another exemplary ultrasonic flow meter
used with the flow regulator in accordance with an embodiment of the present
technique;

[0020] FIG. 15 is a cross-sectional view of an exemplary chemical injection
management system insert configured to lock into place within an alternative chemical

injection management system receptacle, illustrated in FIG. 16;

[0021] FIG. 16 is a cross-sectional view of an exemplary alternative chemical
injection management system receptacle within which the chemical injection

management system insert of FIG. 15 may lock into place;

[0022] FIG. 17 is a cross-sectional view of the chemical injection management
system insert of FIG. 15 locked into place within the chemical injection management
system receptacle of FIG. 16;

[0023] FIG. 18 is a perspective view of the chemical injection management system
insert of FIG. 15 locked into place within the chemical injection management system
receptacle of FIG. 16; and



[0012]FIG. 7 is a cross-sectional view of an exemplary valve in accordance with an embodiment of the
present technique; [0013]FIG. 8 is a diagrammatic view of the flow regulator of FIG. 6; WO
2010/065219OCT1&58199/061732 30TE-031396PCT [0014]FIG. 9 is a croBSTEESHMAV I of an
exemplary pressure equalizer in accordance with an embodiment of theQF&=03d 83%iGjlie; [0015]FIG.
10 is a flowchart depicting an exemplary pressure equalization process in accordance with an
embodiment of the present technique; [0016]FIG. 11 is a cross-sectional diagrammatic representation
of an efeogdry FIG. 19 is a cross-sectional view of an exemplary chemical injection

management system insert containing multiple chemical injection management

systems.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

[0025] 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-
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.

[0026] 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.

[0027] 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 includes one or more non-invasive flow
meters, such as ultrasonic flow meters. The use of non-invasive flow meters in the

chemical injection management system may minimize the need for frequent tuning



ultrasonic flow meter used with the flow regulator in accordance with an embodiment of the present
technique; [0017]FIG. 12 is a graph depicting needle position versus flow coefficient for the valve of
FIG. 7; [0018PR81®3314 flowchart depicting an exemplary valve-adjustmeREBBEERH @ IAAccordance
with an embodiment of the present technique; [8019]FIG. 14 is a cross-SEUE3il IRBP GTanother
exemplary ultrasonic flow meter used with the flow regulator in accordance with an embodiment of the
present technique; [0020]FIG. 15 is a cross-sectional view of an exemplary chemical injection
manageme/fot sgplacemsent cothieiioad teteck. inmgmlamlaitminae abbermatashvehfoncaletgestion
management Sy ste recFL%S% Ie illustrated in FI 002 FIG 16 |S§ ross-s ectloaqal view of an

exemplar@yaﬂg r?aﬁvg I YHercrtrl] Y'Nh rmaegce CtQS)Ps ege%)i%l WitRFF It & emical

injectiooveatiagemeawttsy stemmineatt A$HKachbtheaydoek vatsiyadtmy meters may experience
longer life cycles and may maintain measurement accuracy longer than other types of

flow meters.

[0028] In some embodiments, the flow regulator may also 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 relies on system constants that may not be
appropriate when valve components have worn or other conditions have changed.

[0029] 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 sub-sea applications, as explained below. Prior
to addressing these features in detail, aspects of a system that may employ such a

chemical injection management system are discussed.

[0030] 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 sub-sea, and/or configured to extract or inject other

substances, such as those discussed above.

[0031] 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 (C.1.M.S.) 16 in fluid



[0022]FIG. 17 is a cross-sectional view of the chemical injection management system insert of FIG. 15
locked into place within the chemical injection management system receptacle of FIG. 16; [0023]FIG.
18 is a persPpRBMPIBABT the chemical injection management system insePCAfESEO%9IGéked into
place within the chemical injection managemensystem receptacle of FQIE-®3HIPOROT
2010/065210PCT/US2009/061732 40TE-031396PCT [0024]FIG. 19 is a cross-sectional view of an
exemplary chemical injection management system insert containing multiple chemical injection
manageoent sykigios W hb Bl DIE2S G| BXha €FoSRiC tRECCRMBICHD INENIBE [0025]0One or more
specificrr(]agr]]%odimen{s of the present 'nventi(%n will be desc[il?eq :

gement system 6 may be configured 1o regulate the flow of a chemical through

the tree 14 and into the well 12.

[0032] 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. Furthermore, 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.

[0033] 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,
corrosion-resistant material and may generally define a right cylindrical volume with a
circular base. The tree-interface 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.

[0034] Asillustrated 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, with the exception of the key 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.



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
implementaidh 20Pe3te described in the specification. It should be apprBEEIERAUIGH7RIe
development of any such actual implementation/ as in any engineering OTde03h32ORET numerous
implementation-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
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of non-invasive flow meters in the chemical injection management system may minimize the need for
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mechanical parts, the extent of mechanical wear over time may be minimized. As such, the
non-invelSRSTREH alslepiseissihiartties Ohles MRS ereeRiREIR AP maintain measurement accuracy

longer than other types of flow meters. [0028]In some embodiments, the flow regulator may also be

configujed3vjexemics dremidfaaniarary theoskathel &y akocWEbeptadN Ia rEaieie y alite-pesitioning
feedback control loop. As exEIained below, flow regulators exercising feed-forward control of the valve
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conditions have changed.
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
fluid outlet 88 may be a fluid conduit, tube, or pipe that is in fluid communication with the
well 12. The electrical connection 90 may couple to a power source, a user input
device, a display, and/or a system controller. The mounting flange 92 may be
configured to couple the valve receptacle 18 to the tree 14. The keyway 94 and the
valve tray 102 may be configured to at least roughly align the chemical injection
management system 16 to the valve receptacle 18 during installation of the chemical
injection management system 16. Specifically, the valve support tray 102 may be
configured to support the chemical injection management system 16 as it slides into the
valve aperture 100, and the key 56 may be configured to slide into the keyway 94 to
rotationally position the chemical injection management system 16.

[0038] 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



[0029]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 potentidN{ @xtemqestieir useful life. To this end, some embodiments mayP Q&S A EBhousing to
contain the protective fluid and a pressure equafizer to reduce hydrostaf@TBR31336RCIea
applications, as explained below. Prior to addressing these features in detail, aspects of a system that
may employ such a chemical injection management system are discussed. [0030]FIG. 1 depicts an
exemplawn‘ﬂlsmnmwyteﬂa@mmeﬂymmebwhm maydonipﬁﬁmemahlylﬁm iothalkais aonlloeptadly t8ferred to as
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into the wéll iS'a perspectivé V|ew ction managemen system 16
may be configured to fluidly couple the fluid outlet 88 to the f|UId 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.

[0039] 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
forward into the valve aperture 100, as indicated by arrow 121 in FIG. 2. As the
chemical injection management system 16 moves forward, the guide pins 58 and 60
may mate or cooperate with the chamfered apertures 112 and 114 to further refine the
alignment of the chemical injection management system 16. With further forward
movement, the latch 62 may be inserted through the slot 106 with the aid of the lead in
chamfers 108 and 110.

[0040] 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 driveshaft 80 within the
cam 84. The cam 84 may transmit approximately the first 90° of rotation of the
driveshaft 80 into rotation of the latch 62, thereby positioning the latch 62 out of
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



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 oyePaePeRite) interface 28. As described in reference to FIGSPGTE/ B " Egulator 20
may include components that reduce the likelihod of the flow regulatorQUEsR31B3268Ccy over time.
Furthermore, 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
featuresdtatietadf thkairomapai@lisafdhbetmaacdriectdingréh agpnuamvayrstenatidnase ttiscussed.

[0033]With reference. to FIGS. 2 and 3, the housing 24 incluyd outer-end plate 46, a.side wall
45, 2 hATIEER LD G, e Al S el e e e et 2B R GRS AR s
46 and 32. nrtywsy enatde daumest lye el 19 2i g ch woof cdignmesis taith thatatat 106, mayagdreerally define a

right cylindrical volume with a circular. base. The tree-interface shield 54 may, extend, from the side wall
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illustrated by EIG. 3, the tree interface, 26 may jnclude a key. 56, guide pins 58 and 60, a latch 62, an
o e AR R st Y e Tl R
embodiR©M mathdise rgagptioonothieecheynic | tmeabion omemdg efitbiet tsgeterte i déehay be
general,gp{edis?ﬁﬂ%‘gg within the tree-interface shield 54. These components may be configured to
electrically, tuidly, 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

discussifB4fk ROCaiEeres 18 TaroreouE e 5 ALoRaToY 200830802 WD TEIEISedPCT
[0035] TR Oy dniesiacs ﬁ%&%i&wwf%%%ﬁﬁ%w%‘%ﬁﬁ{ﬁﬁc& 69115\%43/‘ ﬁomfbfﬁhe lllustrated

ROV interface 28 may include apertures 70, a Tlared grip 72, slots 74 a 6, and a torque-tool

interfacBOrSING Sdmanehabbtiim@ iy strrigedie v ieaulstaiztne Eelaten.7hGadsia ReyOSsterface.
The RQY RsHERSESP SNanaR a4RshRiPUES RIBRIERGPIRE v FAGUIRtaHed0oghieltRas €8, which

may be configured to couple to a torquetool on an ROV, may be disposed within the flared grip 72 and

generalfjagimagitanonsespataigr & dhe flowigyegator 20.

[0042] 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
parameter, such as a volumetric flow rate, a mass flow rate, a volume, and/or a mass of

fluid flowing into the well 12.

[0043] 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, and an outlet manifold 150. The illustrated
needle seat 140 may include apertures 152 and a narrowed fluid path 154. The needle
142 may 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.

[0044] 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 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



[0036]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. ThW Qa6 Hf these components will be described after discusHhdAERWWEL bT¢he valve
receptacle 18. [0037]FIGS. 2 and 4 illustrate thé@&xemplary valve recepQEk-08139MEd 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 apettund4 @) thevabedleagei2, 400 chip e spapd)tantDihelthen | vadd mred 8t cnegdee a fluid conduit,

tube, orpipe that is in fluid communication with a flujd source, such as a supply of a liquid to be
injectod ADRAE oo e SR b B A L SRR T B i i aton witn
the welbgap. Hdtevetrcthealapmnaddimn B anaytlve male dovadoibwe pathrt 84 angzsedeped sievare] a display,
and/or g system confroller. The mounting.flange 92 may be-configured to couple the valve receptacle
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chemical injection_ management system 16, Specifically, th lye suppart tray 102 may be configured
o supp O e S AR P e R R R R e
the keyibéluaytive comiigreediiceslitRSntatizadk epatgiaéddootditffenatiyflmsitaieshe chemical injection

management system 16. WO 2010/06521OP§:T./U82009/061732 80OTE-031396PCT complementary
electricghgaBnectaiohdGidcrnig i yifiuidsilat S arias 148 Aag meRmeISMRIRdbld outlet

connector 120. In the present embodiment, these components may be disposed within the valve
apertur8 SUOORHE B aantha sanifetsStrRbpath 164nd ieesriel 46 CraphdavnRgiires!ttewngntand

receiveéﬁae)'m&?ftspmé_%eeeg*mmee@a@aﬂ@mﬁhstwcéﬁm%&m@ﬁe?ﬁhepertures

112 and 114 may be configured to receive the guide pins 58 and 60, respectively. Additionally, the
complegfaikey fi6RinthidemAdie RaWenaptiseRianataeaasrRaxNyitbade ahsHiadnhEcsssteithe

fluid-inlgheonnesies BE ARHIBMRITE RS BIaBHHAAH LGP aRRCIBR1RA Y iR Raafigured o fluidly

couple the fluid outlet 88 to the fluid-outlet connector 68. The complementary electrical connector 116

may beQibtifrfl Vi BBERIc A RIpiaat delevtritd Nscer 4. Gt theathenyicanmpitilay
managemeNiosysieice 1049 t8R ﬁ{@ggi%m[g@,ngﬁ@né@pa[gp%y?uring installation, the chemical

injection management system 16 may be secured to an ROV above or near the surface of the ocean,
e.g.,ona %port structure or vessel. The ROV may. then submergefn_d convey the chemical injection

managédM@lsystthe 18 MRiGF 4 M RN EoRURdVER EoPad 11 PHEGRARA N Btate the
chemicaldaiegisinenagrpRMSat-sYF® Ml edmaligmbaelikesrks, withftbe keyway §2 nlde iRQivi may then

drive the chemical injection management system 16 forward into the valve aperture 100, as indicated

by arroW 350 E /e VoMElah @S ikisrERar T sbRAtRL ARiaIRAIPY W eERAGE FoRward T #%uide

pins 58andBtamaythiiRn @ hetdel3R wih brecshdigirceriapesakercld Adndatdbiafugbear oefine the
alignmef tgf the chemical injection management system 16. With further forward moyement, the latch
b 4 hdha

62 may BINETRASIRIB ghARRUSILE 206 A IRRRRNBhE RIEPRIRR RIS L B!

flows. The flow meter 132 may be generally free of bearings and other mechanical
components and generally chemically resistant. Additionally, in some embodiments, the
flow meter 132 may be rated for pressures greater than the 5 kilopounds per square
inch (ksi), 10 ksi, 15 ksi, or 20 ksi.

[0047] 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



[0040]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 driveshaft 80 within the cam 84. The cam 84 may
transmit appPVekAHARE2He first 90 of rotation of the driveshaft 80 into rotatidi¢ HUPMMH B2, thereby
positioning the latch 62 out of alignment with thélslot 106 and generally @lgE-€3i3pHRGich 62 from
being pulled back through the slot 106. After 900 of rotation, the cam 84 may generally cease
transmitting WO 2010/065210PCT/US2009/061732 90TE-031396PCT rotation of the driveshaft 80,
and thecthméigdestidouptegud? anegntaivedtindatocobthes phoyestiafiontagrallidiéiar dratizd| 4 D) or
pulling of trl[e |atch 62 b?ck towardsgh .houiin 24. H wever becaui;e t%ie kat%h 62 is o%of alignment
with the BIST 308U ay BE YLDV Ated R SPGB BRSAATR SRS 98K P8d05tacte 18. As
the latchi@ailsf ettt d dokvwarelsr thd2 reapibal stpeetidn manmaggmeédtsysierihébeompgtadually

translate fo V\b&}l’d ar(lld the electrical and fluid connections may be formed. Finally, the ROV may
. regdable mediumm.. Gt
disengage trom the chemical injection management system 16 and return to the surface.

[0041]Features of the flow regulator 20 will now be described with reference to FIGS. 5-8. FIG. 5
illustratéQ0d8] flow 1y fdfon 2igianmaadctanigssirtalivniahth e desing gulaéed29 FISiaging svithes the

flow re@!H@EQ{rﬁ%HﬂiM%&?ﬂi&'@dﬁd%r%@i%fﬁ%@ﬁﬁ@'ﬂﬂ?dyimfe? G tiat 8%6%51'? EERiRYEA in the
flow regulator 20, and FIG. 87s a diagrammatic representation ot the flow regulator 20. [0042]Turning

to FIG. @QYiokad g ingdh mﬁﬁ&%/iMQtu*t%SfQﬁdf‘tﬁm@IWQs_@@Zblﬂﬂi(hﬁ@nmﬁt H2dalvEhedBlid odblet drive
130, a flounMeteT 36 7 38 FarT SBEh 13 b i 2RI K8 8Yh RIS T ISO MR O 20 mBy, e

configured to regulate or control a flow parameter,’such'as a volumetric flow rate, a mass flow rate, a

volu_me,rfb_ﬁiﬂfo*r?ilhﬁ§5%f|_ﬂiﬂ@ﬂ§ﬂﬁﬂb1iﬂ€o thedieanely[dbad|webeuttes dbthefdkenlpmryeteve 128 are
depicteqdn e, FIRSARERIEBEPMEYo the fluid-outlet connector 68 by fluid conduit 126. Turing

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 130 and the valve
128.

[0049] 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



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 outlet manifold 150. The illustrated needle seat 140 may include
apertures 15320ad04¢RAbwed fluid path 154. The needle 142 may be confifllcBSg8MedA32translate
through the body 136, as indicated by arrow 1562 and may include a tafldt@3 18 BEHosed
generally within the needle seat 140. [0044]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 couplarhtndientitieiughrntelfldb0egbiatoe@fleslgiz atay themmdedirsd fidwatzid Byrastber 156 to

control the flow rate throygh the valve . As the needle 142 is withdr, of movyed upwards, a gap
petwecl P BALIEIFT) TR Bl b Y R B Ao d e RSB B e
100TEQR1 886eCispaibel Bioofitb ey aleed @ 8 ctitel dBynpayeen fzdliycdl eord dbin  diner iavnnateintmease.
Conversely, as the needle 142 is driyen into the body 136 or. mov wnwards, the gap een the
tapere Ooflrgé{%og o8 ttﬁe controlledr?\ r rﬁ‘aat)ﬁ sllgﬂat??hg OYa%ve drive g(ﬁfo oveqt%e negglﬁ ﬁ?ﬂv

€ narrowed fluid may decrease, and the flow ratethrough the valve 128
may desosaseli Sthates bamsetioon rattotvpaginiber axest2itom thegéme nalbtaroti@pond with the position

of the needle 142. The valve 128 may have a turndown ratio greater than or equal to 100:1, and some

embodifgg8 maY@EM%YWe%g?éﬁ%PﬁY ARdaliG18RIR 2ized, ek SiTgEepdlay Lates.

[0045]Returning to FIG. 6, the illustrated valve drive 130 may include a motor 160, a gearbox 162, and
a contrélnsigidigsstiioredrdise mislopfibe Hayendiiven1difect-eninshanoe) metoneremhedingenia 24 volt

DC eleghic MRt ksl rﬁ%’;;q"léb%m@%dﬁﬂwtﬁséaBé@@é%ﬁ%%‘é‘%ﬁﬁdmﬁﬁ\,%oéﬁ‘f%r‘a“o planetary

gearbox with a gear ratio in excess of 600:1. In some embodiments, these components 160 and 162

may bed@ifatairsiviianien-pastienvtdhmencdie t4plaHemadmadive aadgasusignald anthe
environgaeRldey 1t§_2ﬂ%t8f/ BIHAGGRABARR I ARBIRRAG ML RS I, L5240 E00864 s Sowrmgter 132

may include a fluid inlet 166, a fluid outlet 168, and a measurement signal path 170. In some

emboditheite CORITIGT e MER SR dEemTahienalc! fdhnkie deledaamha |Rasieadadetail
below Wihrespesh iR S Benidethe trilBabisubaR il Qymetersl dadnay &g sanigstrd jadngpsure a

flow rate’or amount of fluid by transmitting acoustic energy along one or more paths through which the

fluid flokBeTies et Heetie RBBiHRLY Maybadialy irest e ariaglearartien nasshanicinbensiiments
and gergsaly RTBIRRNY ﬁ%ﬂ%‘ﬁ*ﬁ?cé%iﬁ%@“ﬁééaIé%éiﬁ&%ﬁm%é@tﬂ%gﬁﬁé Lag,gnay be

rated for pressures greater than the 5 kilopounds per square inch (ksi), 10 ksi, 1 i, or 20 ksi.
128. Embodiments employing feedback control over both the position of the needle 142
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.

[0051] 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



[0047]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 W€ AGWeEXHY 132. The controller 134 may also be configured tBGEYSARM/B¢1¢8Atrol one or
more of these parameters based on the signal fdm the flow meter 132 BT&ERiBYGREMotor 160 to
adjust the position of the needle 142. To this end, the controller 134 may include software and/or
circuitry WO 2010/065210PCT/US2009/061732 110TE-031396PCT configured to execute a control
routine paisitioascd fhre pediieal 42tegrabdifstegnaal ([ Ed e eimboditisatdnthernserdrobeditBdnts, the

control routing and/or data hased on the signal from the flow meter 132 m e stored in gemory 174
o Aot R B e R R R AR 1 8 SLTak OBl O o E Ao R ARe flow

regulator 20. Starting with the connections configured to convey fluids, the fluid-inlet connector 66 may
be fluid[P@52apledAd tRatageadaly.ivetorginae e wieul 28 epitg ¢eatialioar anediic bil et
manifol | igl I id inlet Tt 32 by the
fluid coﬁﬁ%%%@%@tﬁ%rﬁ the Iu(?gggugtlgc%ﬁl%%gfg {rﬁ%"tf%?vﬁm%t%}:’%f%gf g@%ﬁ%&%ﬁpﬁd to the
fluid-oudiseemataressebay ¢Ry oienM syeleTisnifgeaUse soneciohedioiejardd rPtrlven

informafj - [ t i t 1 icat| to the
fow me T B e Y R ot 26

Additioﬁa&,m@'qﬁﬁmﬁeme fﬁb?ylﬁieirwﬂﬁrfﬁ@ﬁc@&ivbﬁﬂ@dﬁ@wﬂiﬂﬁ@selé:@rimm%éhﬁ 64 for
commupjeafion ¥3thihgnRAMBAARNIHSTIPtEERANGR EX AR Py PR L anb iY@ S §f power.

The needle 142 mechanically links the valve drive 130 and the'valve 128. [0049]In operation, the

controllBTay3ueAaRRS SR B EIRIDMHIPARIMAGE Hnnsbiaghahdweestultderar! the
controllge 434 08y TS HE & SR 819830 ANhualE S5k IPoditeecamts i REHEErPBEM Fignal

may be determined by, or based on, a comparison bétween a flow parameter (e.g., a volumetric flow
rate, a EESHABKGREA 9binmBositiamridsiernessiect!By tReSHHE wiseeMSanaas aldissiiéarvalue of

the flov.gararesrEER S IARpBS R EeBOlRsFAdelermacs hakihelpresriatbradghihe flow

regulator 20 is less than a desired flow rate, the controller 134 may signal the valve drive 130 to

withdra@PtHEasb RIIbogIMeME WiktaHEa. NA FieshensEotHeaR desrcosdr alliadieenpsitipsnib el 62, and
the geaR@y L6241 RY: gﬁé@[@m@%rﬂwﬁg@ggf%@%f@q& 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 1?8 of the needle 142 and the narrowed fluid path 154 of the needle
f

seat 140 baseSAHRRHHER Ol AR USA IR AANAAS RGN HRY HIGN rA(8Y JRS How

extend its useful life. For example, returning to FIG. 5, an interior 181 of the housing 24
may be partially or substantially entirely filled with a protective fluid 182, such as oil. In
some embodiments, the protective fluid 182 may be hydraulic gear oil. Advantageously,
the protective 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 seawater 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 seawater 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.

[0054] Features of the exemplary pressure equalizer 22 will now be described with
reference to FIGS. 2, 5, 9, and 10. As illustrated by FIGS. 2 and 5, the pressure of
equalizer 22 may include one or more bladders 184 and fittings 186. The pressure



WO 2010/065210PCT/US2009/061732 120TE-031396PCT parameter) through the flow regulator 20
is greater than a desired flow rate (or other flow parameter), the controller 134 may signal the valve
drive 130 toVMhE1HEHHEdIe 142 some distance into the valve 128, therebyPpdtEAEHINOAEGEasing the
flow rate. In other words, the controller 134 may4ignal the valve drive 100 Ex08339@RCieedle 142
some distance based on a flow parameter sensed by the flow meter 132. [0050]To control the flow
parameter, the controller 134 may exercise feedback and/or feed-forward control of the valve drive
130. Fozdpsilizare 2hnsamnextenibadiverats) tththedndimieg B froay tecevieaehityeledticiSeigieal 175

that is indicative of, or correlates wjth, the ition of the needle 142. Using the drive feedback signal
175, 108 ATATS 137 ) CHTE e Foutintk CoRELF VB RE Sositon of he needlo 147, That s, the
controller 134 may send a control signal 164 that is determined, at least in part, by a comparison
betweelPfMbHriveféadbitiictigies 4 Peosscadissialyisueale!iposiiempiy feshadeeadrlipesition may
be deteging(ldy adabler ARLPBeINA b 31RRRIR IR MERGP hiddhal aleglates needle

f the valv p

position with flow rate throug alve 128. Embodiments employing feedback control over both the

positiorf dP0ee, nesena2\inyl tae $ibopparamadradeebatharaytbaredgenaiaily aiestéeatontrol
loop, e.gha%éegﬁg%%g@%oﬂ@qmmge%%dép ¢rgntrolling the needle position nested within a

feedback control loop directed towards controlling the flow parameter. [0051]Some embodiments may
not include a nested control loop or m%y employ a nested control loop in a more limited fashion. For

instanclAP€bme iRl Mo e d Seamaying uas mwater dnlet hedsratiagdnamres s APP75 or
may pagiirlly 92 esHiedy: disrripsd dne shivea fredaskisignab ihalpsataintarobeaitaMsinge controller

134 maiéexercise feed-forward control over the position of the needle 142. That is, the controller 134

may tranSfRNDRIRYIER) AUWEPRPERIGANE HiR P20t ohe GRRlIBABHBRREEIPY B¥¥ired flow
parameiggVelaepibiarmeaser atbiiRvingaragieten e akiging SAEHRRS a2 andeDtmepitiea afdlpe needle

142. In other words, some embodiments may not rely on a stored correlation between needle position

and floWN S ARRIGHENELD AReAPEEIUES TG RBEHEBTLPIRIG O S5t dha BRG] :18rHme that

the curigiey@Hmnplelloavdinierdnie wohcher imywiasraiat 8845 Upgsthmouha-darirgrirolgnatic flow
rate and, in response, signal the valve drive 130 to shift the WO 2010/065210PCT/US2009/061732

130TESPSIS SEPROFITRMEN B HlnR 4R Ty SFIRitEsRES bAORFMBEIIENts, the controller

134 complementary threads on the outer-end plate 46 and/or a threaded nut disposed
outside of the outer-end plate 46.

[0057] 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 184 are depicted by arrows 196 in FIG.
9, and the forces from the pressure of the protective fluid 182 are illustrated by arrows
198. If the 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 differential. In some embodiments, the protective fluid 182 may be
substantially incompressible and the bladder 184 may primarily transmit a force rather

than expand to equalize pressure.

[0058] 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



may determine this distance without regard to the current position of the needle 142.
[0052]Advantageously, embodiments without a nested control loop may control flow parameters more
accurately d¥V&@10Aef2iheriod of time and under a wider variety of circum3R&AeRWHPoE6Rventional
systems. Because some embodiments do not ré&fy on a correlation betw@diEtA3 13MRETof 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 tapered tip 158 of the needle 142 or the narrowed fluid path 154 of the needle seat
140 magnedseramdoisiagththpresdaticnshipaiicbr@@niagy pudilte ot dsdieredidcsrigid poetibow rate

through valve 128. h.a change could introduce error when exercising feed control of the
posiion?bl Tia HUSHE Z43H Sorod RSP T e b R S o oveness,
stability, or accuracy of the flow regulator 20. In contrast, embodiments without a nested control loop
for contt@NBY the fpésitichilbististasainecxampiay Hsesfs R adoed 18l pEoses 89 &f dier.

[0053] e@%@%ﬁ‘iﬁﬁ&@&%&%&iﬁ}ﬁg?%%%%Hggh?ﬁ(%’ﬂé#ﬁr&% S”Qst?nﬁlﬁﬁﬂéjdi seful

life. For example, returning to FIG. 5, terior 181 of ousing 24 may be partially or substantially
entirelydinel RGP, apdiivecadeiding a 8ressidie slifsirentieb bri wessodimuats thecprotecand tigd 182

may be dEAiG 93t e AHRITRUPANLRRHATRIRTE Y6 Ld 1P BRYdURVEMGRUK pLrag 4 reduce

wear on components'inside the housing 24, such as the driveshatt 80, the cam 84, the threaded

coup|inQxebI,W@AthBeau@'rtqiveem@.swrmaiﬁﬁﬁnﬁ@bmaudncdw@@maeé@wﬁith@limbtatiﬂge fluid
182, theaoysing 24 BiferBR Ry RN HEIE HebIR S prRe T dre R ABRYRE RS sg difference in

pressure between the protective fluid 182 and surrounding seawater may exert a hydrostatic load on

the hougifigrentialo leckarpeHRNBRAEE 2PRISREPNFHIRATRERIALMAY Newdes arivind @e a

pressuri, eAUAIZR oo A Bre alureSpld e RY YHY S5 SoSMeAlr St davaiigw e described
with reference to FIGS. 2, 5,9, and 10. As illustrated by FIGS. 2 and 5, the pressure of equalizer 22

may include one or more bladders 184 and fittings 186. The pressure WO

2010/06898Bbc TS SK56oRRA 89 R heligw BiRipichs2 of the flow regulator may be an

ultrasonic flow meter. In general, ultrasonic flow meters measure the transit time of
ultrasonic energy pulses traveling with or against the flow of a fluid being measured.
More specifically, ultrasonic flow meters generally include at least one pair of
transducers on opposite sides of a measurement pipe through which the fluid flows. For
instance, FIG. 11 is a cross-sectional diagrammatic representation of an exemplary
ultrasonic flow meter 132 used with the flow regulator 20. As illustrated, a first
transducer 206 and a second transducer 208 are located on opposite sides of a
measurement pipe 210. In particular, the first transducer 206 and the second
transducer 208 may form an acoustic path 212 across the fluid flow path 214. As
illustrated, the acoustic path 212 may, for example, form a diagonal line across a
longitudinal axis 216 of the measurement pipe 210. More specifically, the acoustic path
212 may form an angle of 8 between the acoustic path 212 and a line perpendicular to
the longitudinal axis 216.

[0061] The ultrasonic flow meter 132 of FIG. 11 may transmit acoustic energy along
the acoustic path 212 (i.e., from the first transducer 206 to the second transducer 208)
through the measurement pipe 210 within which the fluid flows. More specifically, the
first transducer 206 may be excited by a burst of electrical energy. This may cause a

pulse of acoustic energy into the adjacent medium. In certain embodiments, the



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. [0055]FIG. 9 illustrates a cross-sectional view of the
exemplary phEs30E0edR18lizer 22. The bladder 184 may be made of a resili@&TARRYPREtEFight
material, such as rubber, neoprene, vinyl, or siliddne. The bladder 184 rOhE03#3IVGBRS ally cylindrical
shape and couple to the fitting 186 at one end. [0056]The illustrated fitting 186 may include a water
inlet 188, sealing members 190 and 192, and an 0-ring seat 194. The water inlet 188 may extend
throughuttra ditting d@ﬁam@prwmadfwdm%agelwmmmgladdequ&ﬂcw inetlse abhing ensdb@s I®0 may

seal th bladder 1 fi 186. he seg mber 192 a rin 1 oo rate
with an ape‘?ﬁﬁere m%l{e oﬁerﬁeh tpﬁaqg % se@}?e eafrﬁnqg rl%féqx %?S' gaé%g%qu{gy Qf q gform a
generally mmmrtrghdseal svghlmbarumertemdqmlme 460U$twmeaeegybmdllmnam Aloa ditineg it stiay

include th a??]sztpr ﬁ)g |rs W|th threa @n th u%‘étF 8§d-Pﬂ1at% I46 an /ora
threadeooan spose e i er en [@O n opera ion; the presgure equallzer 22

may terficbto thd mmeeaaﬂ|ﬁaresmsmprémrmeé|twe53nbetm@t@ﬂﬁ/mfhhml 1182 ahdsiectbonding water
pressu @eTShee forgeeafrqg cS:gFr%b'Qd' & ateréoressure on the bladder 184 are depicted by arrows 196
in FIG. A e foreas e pressure o e protective fluid 182 are illustrated by arrows 198. If
the water pressure 196 is greater than the pressure of the protective fluid 198, the bladder 184 may

expand[aﬂeﬂir apgw%s@éytdhﬁép?@ﬂ@@ﬂ@ﬂdm@&%mm@égebmem@e@m a gwist ®le protective
fluid 18@1&@&@3%9@@9@14»«.5% G0 a8 BIRSIHIY; F@Fé%%f‘ﬁ%u@tﬁ?%?@?@%@%‘&% the,protective

fluid 182 may be substantially incompressible and the bladder 184 may primarily transmlt a force

rather tRefisparto@R sizefnrestoastipmebise meossTifoanaIH M Alavel dienaies §pResHE
pressu ﬁa@ﬂ%'ﬁﬁ@ﬁ%é%@&&%ﬁﬂﬁ%é&%@%ﬂ@ﬂ@ﬁYﬁHQSDH@tz'één fityid epqpauipAton with

the protective fluid 182 and surrounding seawater on respective opposite sides of the piston. In WO
2010/06%m dbetmesdidnansgiizsipn from the second transducer 208 to the time of detection by

the first transducer 206 may also be measured. Each energy pulse traverses at least
substantially or exactly the same acoustic path 212. Therefore, the difference in the
transit times, as well as the particular geometries of the measurement pipe 210 (e.g.,
the inner diameter (ID)) and the acoustic path 212 (e.g., the angle 8), may be used to
calculate fluid velocity and volumetric flow rate of the fluid.

[0063] In addition, although illustrated in FIG. 11 as utilizing an acoustic path 212
with an angle 6 of approximately 45 degrees, the angle 6 of the acoustic path 212 may
vary depending on specific parameters of the ultrasonic flow meter 132 (e.g., operating
conditions, space constraints, and so forth). For instance, the angle 6 may be 0
degrees (i.e., perpendicular to the longitudinal axis 216), 15 degrees, 30 degrees, 45
degrees, and so forth. Indeed, as explained in further detail below with respect to FIG.
14, the angle 6 may be as great as 90 degrees, such as when the transducers 206, 208
are placed at opposite ends of the fluid flow path 214. In addition, in certain
embodiments, a plurality of paired transducers 206, 208 may be used at varying angles
8, such that multiple sets of measurement data may be collected by the ultrasonic flow
meter 132. Also, in certain embodiments, a plurality of paired transducers 206, 208
may be located radially around the circumference of the measurement pipe 210, such
that multiple sets of measurement data may be collected by the ultrasonic flow meter
132.



150TE-031396PCT 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. [0059]FIG. 10
illustrates aNv&AHINaRYBressure equalization process 200. The process 2RSHES2NEINeE I ceiving a
force arising from water pressure, as indicated b¥ block 202, and/or red@JEyQBh3Q&RET 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
elimina{0@6d4E présaddibife st g selsstivddiherentuamgringtrasgnituitieno bt pridutesdifferential.
In some land-base lications, the process 200 may include receiving a farce arisipg from air
prossu L R E e LB e R Rirt Top oA L, A S e s e neter
132 of tiesthonvadgyalzer nmafabe tre dlasoeieflovaynetgpldp geyautableasumioviasiveieters measure
the traﬂ%&ﬂ&'i‘gH%st‘“ﬁ%srﬁ’His afp”c%f,g%%lr'r?a‘%-%téas‘é%"Hgnv-“.irﬁgaosﬁ?@ﬁ%‘ﬁt r%hee[e“r%wm%f%abﬂe“gdsé’gi”&%easu“?d-
More spécifically,”ultrasonic Tlow’meters generally ncludeat feast on€ pair of transducers on opposite
sides oha wiearseespecifpEertbuoigh hdat stirerididcdamstd-tra rlstahitewrdGd 1Heiscenpesdigectional
diagrammatic representation of.an exemplary ultrasonic flow meter 132 used with the flow regulator
20 Ao TEUEHA S Qe a e b S e e B Rt T s e b s e Bes o
a measoféhecitwipifie\.10n ladebtitoulaptite bestechnsdiineagivé dod tnetezsondytraissdoeers2ds may

form a ti 12 the fluid.f 0 4 illustrate C ic pat 2 may, for
exampit TP L TG et S RN B A B e B et o B o
specificalgnnbe iaoghiticthathght Zcatefo i anginigle g Hewewmytleaddodaiemaiha?b2and a line

perpendi r 10 the longitudi IS 216. 11The ultr ic flow meter 1 . transmit
acousti%@%'legrcgttg%é oﬁa ?ﬁé%@@éﬁg &tﬁ%%@%ﬁ@gfr@ﬁ%@%ﬁ% grﬁr%d@’érsﬁ\égt %@&Je%c%o@ﬁ ’
transducegPegictresagante, medsoréondmtpaeatdo bethidizadch the fluid flows. More specifically, the

first transducer 206 may be excited by a burst of electrical energy. This may cause a pulse of acoustic

energy [fifbH1e aciARS MG ShREHEHR FIRIRPS BT RS oM et ARESE IR E44GE009/061732
160TE-031396PCT

several benefits. For example, other types of flow metering devices may require filters
since they generally have a lower tolerance for particulates. This is due, at least in part,
to the complexity of the mechanical components within these flow metering devices.
For instance, since there is only a limited amount of space within the chemical injection
management system 16, these mechanical flow metering devices may often contain
small restrictions (e.g., from small moving parts, seals, and so forth) and, as such, may
be very sensitive to particulates in the fluid. However, when using ultrasonic flow
meters, there is potentially less of a need for filtration as ultrasonic flow meters
generally do not have as many small restrictions since flow measurement is
accomplished via acoustic energy instead of mechanical components. As such,
acoustic flow meters may have a generally high tolerance to particulates, gels, and
semi-solid and solid bodies, which may be carried along within the fluid being

measured.

[0066] In addition, concerns about chemicals attacking the metering elements may
be minimized due to the fact that there are fewer mechanical components in ultrasonic
flow meters. More particularly, since the ultrasonic flow meter 132 may generally
include little more than a simple tube construction, minimal moving parts or seals are

required. More specifically, since the transducers 206, 208 may be located external to



ultrasonic pulse may consist of several cycles having a frequency in the range of 0.05 to 3 megahertz
(mHz). The transducers 206, 208 are generally designed to be directional. In other words, a significant
portion of th&’Aé8UktieSEWergy will travel along the acoustic path 212 from tHRCHEBANIALBEr 206 to
the second transducer 208. The elapsed time fidin the time of transmis&IrEHIBAIR6AEST transducer
206 to the time of detection by the second transducer 208 may be measured. [0062]Conversely, the
second transducer 208 may also be excited by a burst of electrical energy. This may cause another
pulse offecoustisuearTgytipipdiad adinearamsedicars 20828 nwficanspatsarfrohthib@eausic energy
will tra\(/ﬁl ﬁ?ln%/th acours]ti%?path 212 from the second transducgr Zpgto the first.trﬂnsduceg 206. The
elapse HIAE P m Rt %?gn@r%ﬁgs%%aﬁgﬁmheengtg&r)nr%o{ggrq H0cer U8 B RIESNG oF §&Ection by
the firstttiB@nscunet 206jechyoatsorbeiomreaschaniEathtEmgyrpatkitivay exses s demst sialostantially or
exactly fne same acoutls B 242, Thecelore: e diference ndhe ansit imes psalios the
particular geometriego R medstrahen pipée 5908 e.g.,?lqé inner dlamqur%g%yancytﬁe acodstic
path 212ff@cts, aheteamgieatd, atiagkieguiteduitraatnitat fudetetot®®.and volumetric flow rate of the fluid.
[0063]In addition, although illustrated in FIG. 11 as utilizing an acoustic path 212 with an angle e of

appfOXi[;ﬁaﬁﬂ 5 SRa"BERIAIRARAIE (haf e A6eRES Aty tﬁ@ﬁlY@@oﬂ?@ﬁW?ﬁe‘?@rSﬁ?}g‘;o

4
parameters of the ultrasonic flow meter 132 (e.g., operating conditions, space constraints, an

forth). Ftbeimaﬁc@,hm%gmocmlnﬁw&mweagxi.bee,qiwmmm.ughﬁéqm@mmm axis 216), 15
degrees, 3OS a4arAEA 858N 80 TorbARfacthar@Rneg RN Wi HRIa] Belew with

respect to FIG. 14, the angle 6 may be as great as 90 degrees, such as when the transducers 206,
208 areCpRieddhipoppdbitereseidrof estragtcToay pia Auineisiedito sSUpPeesathe pistiments, a

plurality,ofpgised KanFAuGRIS ?Q@e-%%@l@&f‘%Rﬁkaﬁ%é‘?é@Mﬁ%Wﬂﬁétﬁyrﬁeﬁtgﬁﬁ_'@,“i‘ttimﬁfets of

measurement data may be collected by the ultrasonic flow meter 132. Also, in certain embodiments, a
pluralitPedjireaceamdateigiRoslices maydelocaslesatRey abaved dHeaspainievenetefthe

MeasueRe RNPS SHhSHAE FhBIHiRE Fals B{HQP%QE/??%@%%%O"RQ%W the

ultrasonic flow meter 132. WO 2010/065210PCT/US 396PCT [0064]In
additiornMaRRBRIARIhed\iE aiRyad EASAREIEE MEIPTASTaY IR Vi éefsWiRRIRMaE? Al indeed

use anmﬁt@p{grtywegfogqﬂ@t&rﬁ%gd%@y suitable type of sound probes. In fact, the flow meter
may employ any suitable non-invasive techniques. For instance, thermal-based non-invasive flow

meters may he used, such as where a specific amj)unt of heat is introduced into the flugid flow and the

temper&09@BistribLBGAMAIBUGR tRerRlid RSN I BB McAPR AINHQIdSeqiicaiOPe ocity,

of the flgidbfianafieadeitondepticalyeraesknoittisydsiig) loih Mesessenayadisgebeadised. In this type of
flow meter, beams of light may be shown through the fluid flow and the manner in Whic%he light
scatterSMAMRAGTARL RV RS Fral ‘Pééasﬁé"a%?eHﬁ|H9tHH§%%ﬁ§l%Wté?%&%§ B2 S W

additiongethiceaonust RoariteasiveKegoniiHes i ahratanetsJesovinke chetriealdrfcisy also be
tilized. [0065]The use of ultrasonic flo eters within the flo lator 20 may |lead to
w2 anag]emenut systeum ?8 elfngwag]e tosldghttw %ydratvev B?gékages may Xllow an
operator of the chemical injection management system 16 to decide when and what

type of remedial action may be taken in the event of such blockages.

[0069] Additionally, the use of ultrasonic flow meters may also allow bi-directional
flow measurement, as opposed to other types of metering devices which may only be
configured to measure flow in one direction. For example, ultrasonic flow meters are
capable of measuring flow in both directions due to the fact that acoustic energy is
transmitted in both directions (e.g. between the first transducer 206 and the second
transducer 208 of FIG. 11). Therefore, the measurement of flow may be determined in
both directions using similar flow measurement logic. The ability to measure flow in

both directions may prove beneficial in that the ultrasonic flow meter 132 may be



several benefits. For example, other types of flow metering devices may require filters since they
generally have a lower tolerance for particulates. This is due, at least in part, to the complexity of the
mechanical Weh3puHE dyithin these flow metering devices. For instance, $6dEUFEPE NS GAY a limited
amount of space within the chemical injection m&nagement system 16, (hEEOItIBGREA! flow
metering devices may often contain small restrictions (e.g., from small moving parts, seals, and so
forth) and, as such, may be very sensitive to particulates in the fluid. However, when using ultrasonic
flow metepmbileect isdicitingalalessbea peedlitdiohittatrerflagisltragimicafleling etmek gprieralighlo not
have a maan@anII'. r%\stricti%ns since flcijwrsm %sur%ment is.acc mHIished via acqusti energy instead

of mechaRitAl eofhohshts!S s%rlljcgrp’eég \c oW PCIErS r'ﬁ]é?/ '8ver%aé‘&98rr£{ﬁ§‘ f‘éfl’?‘ lerance to
particulaiey, pekhlartd sekeitsolid afidcvarbotkelavaaiibrmay be carried along within the fluid being
measured. [0066]In addition, concerns about chemicals attacking the metering elements may be

A . . ) i . 2y
particul e T T R e DEH e
construetidherdirgeiiomrolVilidoiow detssminakby duersoninolershatificaynstassentgansducers 206,
208 maéfi#é%ﬂ%%‘?‘ﬁﬁ?&%@ﬁ!tm %’gﬁce (H%%%%&We?fg%?ggg 1 HRREFOFAIWRET the

measurement pipe 210, the tran 206, 208 may b rom the actual fluid flow. As such,
these nedlPaESITEHAHEIMpEneRtsdifasion it o it Wald Piterase hreaydtiggsieante «desion or

chemicg} afable IDFAFYH9B, FoUTS e HARVIRIAHS AW alia o Laseblgs ey pgpatruction

further limiting potentially adverse affects of chemicals attacking the ultrasonic flow meter 132.
[0067]0/78 pagycheapdivatashiarthy BostankaliyCIRpesh. ultrasonic flow meter 132 is the mono ethylene
glycol (MEG), which may be circulated through the chemical injection management system 16. In

generaljdo?1Y ECHRR glyanlsmids makerpiyded HueusinBarrsayiapexaadionsystarg 10 in

order to suppress.the buildup of hydrates. As the MEG is re-cycled through the resource extraction

system¥BPR SR Fedire R EamAIdRe Rt b4 £ GG eh) £S5 ReREFBRINa%R 0L AR Snic flow

meters yapy RetRSERE RBENRIeNMPWitiRs g tath oavaDef Matenngrpegeurds Fitthdéie
measurement of the MEG bﬁ{r ultrasonic flow meters mamrove less problematic than with other types

of metellYy BROHRZPA6%Ih ARIRNN ZA18 refo PR 28RBS F PG & m ) SRB&illow for

identificaii®ddiments, the flushing zone 224 may be used to clear debris from the needle 142.

[0072] FIG. 13 illustrates an exemplary valve-adjustment procedure 226. The
illustrated procedure 226 may include measuring a parameter of a fluid flowing through
a valve, as illustrated by block 228. This may include the above-mentioned steps of
flowing the fluid through the flow meter 132. Next, the procedure 226 may include
opening or closing the valve by a first distance, as illustrated by block 230. This may
include the abovementioned steps of moving the needle 142 in the valve 128. The
procedure 226 may also include measuring the parameter of the fluid flow with the valve
opened or closed by the first distance, as illustrated by block 232, and opening or
closing the valve by a second distance, as illustrated by block 234. These acts may
again include the above-mentioned steps of operating the flow meter 132 and the valve
128. Next, the procedure 226 may include measuring the parameter of the fluid flow
with the valve opened or closed by the second distance, as illustrated by block 236, a
step which may include operating the flow meter 132. In some embodiments, the
measured parameters from the steps illustrated by blocks 228, 232, and 236, may then

be compared to a relationship of the parameter to distance, such as the stroke



of blockages (e.g., due to hydrates and so forth) with the chemical injection management system 16.
For instance, using ultrasonic flow meters may allow for the identification of hydrate blockage within
the throttlind¥$&etitPeT2e chemical injection management system 16. BeiR§ ABI826998ehtdy hydrate
blockages may allow an operator of the chemid injection managemenQlEt@31896PEdcide when
and what type of remedial action may be taken in the event of such blockages. [0069]Additionally, the
use of ultrasonic flow meters may also allow bi-directional flow measurement, as opposed to other
types operetariagalef/itesngbitie My, aidydeticanéonurd tComepating fioayimoleldicectiparifgr
exampIEfJI ultrasonic (fiowlmetigs %e?%%paple of mea urtinr%aow in |b%th d}i)re%e]tctions due%tlo the fact that
acousti gnrgreg%,s LAY irﬁ o) Yr%éﬂgﬂgctre]eéﬁ Betweerr e el ARLETEEN 968 Gnd the second
transdugesi268 ah& vl 1ot treigrettbesatead @@ sachaidltwe caydietidetdlusinatbabyoti@Eirections
using si{%ilar:frllow rnltra]asgrrneemeerp]hl&%ir%e'rr]?g %bi”a/etor measure flor\é\{ in b Vth directions may proye
beneficial in that e Lrasonic Tow Meter’L Emag/ e %11 0652 T0P PRS00 2

190TE 03§ 2e68djTsteg dhiscaf amdibatoanpandomhas phrostratsahyopkotikidd hegin traveling back up
through the umbilical. As such, an operator of the chemical injection management system 16 may be

able to féb?é?oreﬁéfﬁﬁﬁ}f?g;ﬁﬁgﬁfﬁ?éﬁ%; Eﬂ%@?ﬁ@éhﬁlﬁ%@%k?ﬂb‘w&%@?ﬁ% U R RS acts

may be performed based irection of fluid flow determined by the control Qr 134. For instance,
the diredfomeagurement of ateaangeimeliesstrihmbyidd ajgedhrovembs flevssrateebodiments,

fluid oy ey RSOV b SRRATRICHIENRIHEMIIEGR! ANAUHBIE ALY pprainge 0., 2

broken pump warning on a dispiay or speaker), or the valve 128 may be adjusted (e.g., substantially

closed)ﬂmmqmcs. m2yllaksediescapaiermpiaersuiog teeensdygh it e Irpadditirngraph depicts
the posifieg HRerpge L HaFPod e A5-BIRSF BRIReS Py SRR WEE LRy e dRYecastticient (CV)

through the valve 128. The illustrated curve includes a flow Control zone 220, a static zone 222, and a

flushing®feid2 e citiaad b it upinsi ofheomshingzbacoralpiag kb dresitivandadsrasiy from the

needle 1d4vell as contamination of a single fluid. Additionally, the acoustic fluid attenuation is
measurable and may be correlated to the viscosity of the fluid or blockages in the case
of a single fluid. The ability to measure these additional parameters may prove
beneficial in that an operator of the chemical injection management system 16 may be
able to monitor the conditions of the fluid and determine if the fluid is behaving
adversely due to particular operating conditions of the chemical injection management
system 16. In other words, the use of ultrasonic flow meters may allow for enhanced

flow conditioning assessment.

[0074] In addition, the ultrasonic flow meter 132 may be used either as a primary
flow measurement device or a secondary flow measurement device. In particular, the
ultrasonic flow meter 132, in certain embodiments, may be used as a backup flow
measurement device. For instance, a positive displacement flow meter, or any other
type of flow meter (e.g., a variable area flow meter, an orifice plate flow meter, and so
forth), may be used as the primary flow measurement device while the ultrasonic flow

meter 132 is used as a secondary flow measurement device, or vice versa.

[0075] The ultrasonic flow meter 132 may be used in conjunction with closed-loop
control by the controller 134 illustrated in FIG. 8. In addition, the ultrasonic flow meter

132 may utilize various standard protocols for transmitting information back to a master



[0072]FIG. 13 illustrates an exemplary valve-adjustment procedure 226. The illustrated procedure 226
may include measuring a parameter of a fluid flowing through a valve, as illustrated by block 228. This
may includeW®e2eiird2entioned steps of flowing the fluid through the flowPFBIE24BANERt, the
procedure 226 may include opening or closing &ie valve by a first distar@& FEa83M3Q6RET by block 230.
This may include the abovementioned steps of moving the needle 142 in the valve 128. The procedure
226 may also include measuring the parameter of the fluid flow with the valve opened or closed by the
first distzonteolastalliostrafent mstanck, 282, ultrd sspeaifigvo medsing@thmuglve by sesteafdiligtagce, as
illustrated by block 234. These acts may agajn include the above-mentioned s of operating the
fow mels T30 A5 (8 VAR LA NEG I ELBL 103 Q) B B S PG VAL Lhsamerer of
the fluidiftcagoviit tloevrakieopadeday ales e o pabisccbatilidinthotes radigitetprttddoihscki?236, a
step whic include operating, the, fl eter 132. In.same embodiments, the measured
parame%g‘?g%?)ku%@ é?é;ggs ﬁlﬁ%@]g o %b)%{]gr% S 2%302 fgéoﬁﬁé 236, may then be compared to a
relationship of the parameter to distance, such as the stroke WO 2010/065210PCT/US2009/061732
200TE[0978)6P Cipwenssnalthwupththaasticof ultrasorie flowaratais o paanwdenay Mergws

Compar%gfﬁﬁm?ﬁ?é&?"a‘i‘s 83dnie Hvﬁiﬁ?l%ﬂ%egs%ﬁd ﬁBFﬁﬂ'ﬁﬁ%@eé‘é’%‘ili__bé@%lt% position

and flow rate throughthe valve 128, such as the cotrelation illustrated by FIG. 12. Finally, in some
embodigiegtdynrs @diew oeaieritty Heviense Wlmsaniel itow orieim ayeyosaRiabdinuebE@ on the

comparzffeAs WYSHAIEHBY DI 95k 2AXINY IIRGUEN RN E Haid Te G Re MBS RI¥E oW

meters may also allow for the measurement of other parameters of the fluid flowing through the flow

meter iflgdiovhas darcibRrERPaveE wé_irmmé@i%om&wﬁb@e b1 theiMAk Fo Rt amaydfic flow
meters mayAlSRiRG FRBARIERHNERSHERL T F A RER ehtith B RAIEOBoBItASONIG Ry reters

may be capable of'determining when viscosity changes occur in the fluid. Specifically, the velocity of
sound 18@9Metties ohiba MBaRsHsRINgNt Rttty (adwieis eeneiameiesn! Bh aasifdherre@ustic

Additiongly, 319 qegsiiIibate ualpaJsdRReoHiRRIS AT e RN Ak Yipoosity of the

fluid or blockages in the case of a'single fluid. The ability to measure these additional parameters may

prove b@ifsfieratampiexdiy epBratepirelerchéans rfsestredaragentdit K2 nd 1eameybeZble to
monion s cagiions aibe Lif aadieleERIBY hedhidispeRe AkeisrAuR o paricular

operating conditions of the chemical injection management system 16. In other words, the use of
ultrasorEMRAN et rd Ay eIRRE I eWBinced flow conditioning assessment. [0074]In addition, the
ultrasonic flow meter 132 may be used either as a primary flow measurement device or a secondary

flow mgagEMentgeninendrc) tiguainthed irasanicol paweetaisl3de invesdaia emhedimanisamay be
used as a backup flow measurement device. For instance, agositive _digplacement flow meter, or any

other tyPEEGHABUNRRASEBY! SYSLPIALIE ares UG niBRHSEC8 AR MILES AN FHRAY Q5cPSb forth), may

be usednasdhemrdvsiyrflovnsigasirement driseeo/dnisuteethiir asnigH powaeieral3daplaskd as a
dary fl t device, or vi 0075]The ylt ic flow meter 13 b d
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power-saving and power-storing mechanisms. For example, an array of capacitors may
be used for storing energy for periods of operation when the stored energy is needed
(e.g., for pulsing the transducers 206, 208 or for supplying energy for various

calculations).

[0078] In addition, external noise from other components of the chemical injection
management system 16 may potentially inhibit the accuracy of the ultrasonic flow
meters. For instance, noise from the other components may interfere with the ability of
the transducers 206, 208 to register the acoustic energy being transmitted between
them. However, the external noise may be addressed in a number of various ways,

both mechanical and electrical. For instance, extra shielding and padding may be



control by the controller 134 illustrated in FIG. 8. In addition, the ultrasonic flow meter 132 may utilize
various standard protocols for transmitting information back to a master WO
2010/065219OCT1&38199/061732 210TE-031396PCT control station. For R&3tAivee0Melitasonic
flow meter 132 may be capable of utilizing the @an-bus (controller-area Qd&0&1896R&dtocol as one
approach. However, the ultrasonic flow meter 132 may also be capable of utilizing other digital
protocols, such as Profibus (process field bus), Modbus, and so forth. [0076]However, although the
use of ytaasahardlovd et et asan il idowfon stemeBeus bedebitstheraiectled e ssindcataioi shallenges

as well, For instance, as.oppgse other types aof flow meterin vices, ultrasonic flow meters may
aenerall) BRA R RS R A LIRS T el TR e AT BT anc
volumetdvéuse tbiecs dedwibettamiveigith rédpiicrtallly) Ghel lowumgutatscaC uiayams may be made
taking into account the. fransit times befween the transducers 206. 208, particular geomeitries of the
measu B ot ST bl Pt R BB gt BV RSHARSRE S o,

and so thbrwibe sonanbed, ccingtitove megdesairiorgrpatzrdsosydexihabthibesgmrtralleok@ihasd

associated. roces PerCJf72n%(\errr1nemor élr%‘éhlna%ggirg%n’ the amount of power used by the controller
134, processorai : anaomemory‘_t"laiS may increase 59 well. [0077]Furthermore, only a limited amount

of power may be available in the chemical injection management system 16. As such, the use of the

limited FAVE maytisbamchnsonrieddbsabinesaampiaiyrembotiert ehsiecullrasensuievp oveéens
availablpsior PRGN e YHrasANedIP BRI o ExEMbIEUHE T LA S eI REHAe various

power-saving and power-storing mechanisms. For example, an array of capacitors may be used for
storing eli@sgierfisavioirior dpsignivmithenardsiorss asargy ¢ isctiew (egulatarimhdnee
tramdu&ﬁéﬁﬁ&ﬁ43}%&%&%%8@@%‘8&%&%&9& yarieyis ralgHiaiang). PEBlnddiuanygxigrmal noise
from other components of the chemical injection management system 16 may potentially inhibit the

accuradjeyy SlcaRiAss F¥aTORI e ATV LRI BeetRbis 8 3rane ehwibitiBE diawpesetaional). ifterfere
with th%rﬂ%%Béém%é'iﬁf‘ﬁﬁ’él?ﬁé_%&ﬁ%%n%&%tﬁf@%‘@ﬁﬁﬁ%aéelésfi%?ﬂémmwaé‘é%ﬁﬁe between

them. However, the external noise may be addressed in a number of various ways, both mechanical
and elebfitthR4br Margnsreeifigallynibiaifdidhiewaddindghadyanrsurement pipe 210, takes a first

turn at the first bend 242, takes a second turn at the second bend 244, and then flows
out of the measurement pipe 210. In this embodiment, the transducers 206, 208 are
located near the bends 242, 244. In particular, the first transducer 206 is located near
the first bend 242 and the second transducer 208 is located near the second bend 244.
The transducers 206, 208 are pointed toward each other such that the acoustic path
212 runs along the measurement pipe 210 from the first bend 242 to the second bend
244. As such, in this embodiment, the acoustic energy between the transducers 206,
208 is transmitted either directly against or directly with the flow of fluid. The fluid
velocity, volumetric flow rate, and other parameters of the fluid may still be measured as
explained above with respect to FIG. 11. However, the specifics of the calculations
used may change slightly due to the differences between the geometries of the
embodiments in FIGS. 11 and 14.

[0080] Additionally, although embodiments of the chemical injection management
system 16 illustrated in FIGS. 2 through 6 are shown using a particular technique for
locking the chemical injection management system 16 in place, other techniques may
be used as well. In particular, another exemplary technique for locking the chemical
injection management system 16 in place is illustrated in FIGS. 15 through 18. More



WO 2010/065210PCT/US2009/061732 220TE-031396PCT placed around the ultrasonic flow meter
132 to reduce the affect of the external noise. In addition, the intensity of the acoustic pulses may be
modified to YoURAWEPAEEIME adverse affects of the external noise. Additionall fGR&$RIPMGTHAtor 20 may
be designed such that certain electrical or mecB&nical components mayQEEQ3#3IGP GF otherwise
controlled, during flow measurement periods, such that the external noise has a minimal affect on flow
measurement accuracy. [0079]It should be noted that the exemplary embodiment of the ultrasonic flow
meter 1§seiitistiyed iG F6 illisicatesraly emntdodibo ¢éo e excmepideylanjz oo ntize agémetiasonic flow

meter design whic y. be use at.of the flow requlator 20 of the chemjcal injecti agement
Cyetom S T e R e R AR Bl e A BT TR B s et
132 usedosiphaitie 4@, regillastra?2€d lin fFiS eftbobliraddititme MESurérandt {8pkuali@iachales a first
bend 2 seco n 4. re specifically, the fluid flows intp the measure t pipe 210,
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of the nf@@sur@ment pipe 210. In this embodiment, the transducers 206, 208 are located near the
bends 242, 244. In particular, the first transducer 206 is located near the first bend 242 and the second

transdufigiq® ism?%tﬁm(aﬁrae%%ﬁ%{w&%ﬁg evIsstaneaueeAARcRRE A fRGINiRY toward

each other such that the acoustic path 212 tuns along the measuremerit pipe 210 from the first bend
242 to gRNSestpIiafeaacadlut s aemnieiaiisHiMmBie!) Meaeouseskewsiyihpdtuiddnleh8o

transdugarsr2f 208 s 4 aRspiliadayner dieeelyngsinstapisrsbuit HaeilipyiAldjuid. The fluid

velocity, volumetric flow rate, and other parameters of the fluid may still be measured as explained

above WRANESBEARIEA fluid-omisiconneeissficnay tead icandidougadaaiabicahde anghtly due
to the diffGreReRs RaeRn dHepe ARELH B PiHNG SRS N &GS diddrd d¢ o [aR0lgditionally,

although embodiments of the chemical injection management system 16 illustrated in FIGS. 2 through

6 are sHOWNMEIRY BRdRAIBrcREANRBIBE GG tRatHdRcaNigde Meighaddindat dstem 16 in
place, GRS LIS FRBYES IHERM G SRl NPsHC WA cATRHIEDE PR HaUe Rhlecking the

chemical injection management system 16 in place is illustrated in FIGS. I5 through 18. More WO
2010/088P06R5 R/ 0idhedo/ph $3peceptacle 248. In particular, the flange 252 may have a

recess or circular grooves 254, which have a conforming shape with the locking
members 250 of the C.I.M.S. insert 246. A sliding sleeve 256 may be forced behind the
locking members 250 to hold them into the conforming grooves 254 after the C.I.M.S.

insert 246 is in place.

[0082] The C.I.M.S. insert 246 also has a lower support plate 258 which may be
connected to the tree 14 or a manifold. In addition, a seal 260 may be used to seal out
seawater between the lower support plate 258 of the C.I.M.S. insert 246 and the flange
252 of the C.I.M.S. receptacle 248. A housing 262, in conjunction with the lower
support plate 258, may define an opening through which the locking members 250 may
move radially for a lock into the grooves 254 of the flange 252 of the C.I.M.S. receptacle
248.

[0083] The sliding sleeve 256 has an inner seal 264, an outer seal 266, and a cavity
268 adjacent the outer seal 266. The inner seal 264 may, for instance, seal against
internal components of the C.I.M.S. insert 246 which are not specifically shown. The
cavity 268 may be connected to a hydraulic pressure source 270. By providing

pressurized hydraulic fluid into the cavity 268, the increase in pressure may raise the



230TE-031396PCT specifically, FIG. 15 illustrates an embodiment of a chemical injection
management system (C.I.M.S.) insert 246 configured to lock into place within an alternative C.I.M.S.
receptacle 249 2480068} 8ted in FIG. 16. In addition, FIGS. 17 and 18 illustrBTtH82099//41333nsert 246
of FIG. 15 locked into place within the C.I.M.S. 24ceptacle 248 of FIG. 10TBeBA188p6RGdular, as
illustrated, the C.I.M.S. insert 246 may include a fluid-inlet connector 66 and a fluid-outlet connector
68, which may connect with the fluid inlet 86 and fluid outlet 88, respectively, of the C.I.M.S. receptacle
248. Thaliflingd-sidetveopBe certbaahd@ laidto utatacy tine tdekivd) mayribacstshfbthelagbdind valve 130
discussed aboye, the flow meter

and flow meter ,.which ar cribed in greater.detail above. i
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246 is in_pla 0082]The C.I.M.S. insert 246 also has er su ate 258 which may be
e Rlee fR e D ad T R S A B0 I4RR 3 B MO RESVRANS SO A BRI,
betweeB thariawencug potaptes 26ghah eodd . RY.S. imsedo@idtthaad dttecflaiod €28 2rafitive C.1.M.S.

receptacle 248, oysin in. conjupctign,with | suppart plate 258, m )€ an opening
throughg\é/)v?]i%&%ﬁ% FScﬁng lﬁ%@%@r%’%%ﬂr%%aﬁ\ﬁ gf%'g m#yg ora c%:&?%ﬂ?’tf@sgpoﬁ/ges I{74 of the
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gg'fo'/rgg@%@\g%@gsg‘%ggFﬁg@%?gﬁ@&%@g@?& 18%1YEhd the C.I.M.S. insert 246
will move out of the locked position, since the locking members 250 become
unsupported after retraction of the sliding sleeve 256. In addition, as a backup method
for moving the sliding sleeve 256 up axially, hydraulic pressure may be applied to the
cavity 268.

[0084] Using the alternative embodiments of the C.I.M.S. insert 246 and the C.I.M.S.
receptacle 248 illustrated in FIGS. 15 through 18 may lead to several benefits. The
seals (e.g., the inner seal 264 and the outer seal 266) may keep circulating seawater
away from the locking members 250, thus minimizing the adverse affects of debris and
corrosion on the locking members 250. In addition, the moving parts that operate the
sliding sleeve 256 are disposed within the housing 274, which excludes seawater and,
as explained above, may be filled with a lubricating fluid. By placing these components
in a lubricating fluid, the design life may be improved while corrosion, algae growth, and
debris may be prevented. In addition, only a portion of the rods 272 extend from the
housing 274 and are directly exposed to seawater. Furthermore, seals 280 may block
seawater from entering the housing 274 near the rods 272.

[0085] It should also be noted that while only one C.I.M.S. insert 246 is shown
locked into place within the C.I.M.S. receptacle 248 in FIGS. 15 through 18, multiple
combinations of chemical injection management systems 16 and C.I.M.S. inserts 246



sliding sleeve 256 as a backup way to retract the locking members 250 for release of the C.I.M.S.
insert 246. Otherwise, the locking members 250 may move radially outward by applying axial force on
one of the r8Y8 2929/9653H axial direction 273 toward the lower end of the C.RRTSISHYRARAZE The rods
272 extend through a sealed housing 274, whi@®may be filled with a luTEERIHIBORG Be sealed to
exclude seawater as the rods 272 are moved in opposite axial directions 275 by the ROV (not shown).
A plate 276 may move in tandem with the rods 272. In addition, another rod 278 may be connected to
the platmay Gectodithdslidsed siahire 25Bighs @. FedLlt, nebepttieteRXa8. iy saamerafitipberods 272 down

axially (e.q., as jndicated by arrow 273), the sliding. sleev, oves d axially as well and the
pets i sy ot R SR R Sl S b el
receptaide BBt o dteamanitvetBin S ArddrE24éc ehéacdd 2282 Faryimeanmed-&iallg and the C.1.M.S.

insert 240wl BoKe Quhotihe [RCed RaRon, Siice teripaing menbeis, 528 became ypupported
after relraction o r'[’?1e s[ﬁ&ng srgeve 5 13 a@tﬂﬂoﬁ, asa 2 tp method for moviAg thé sliding sleeve

256 up iasatty2 4y draslitusiestad eCridyl 13 mgelitdaonbeticanvitg 268 280 844y simig tindtgdternative
embodirrp]ents oﬁ tﬂe lr'Y'rr% insert ZAh an tkrlne ? .M..t%.nrece%ta]cl%zl i#usrt]ratﬁdzi FIPS. 15 through
18 maycle%m%asé 8Pa\%en€fﬂ%9‘?ﬁ‘eese%1%.g§ Re'iiner 8631 964 4nd the outer sggl'z&) may keep
circulateddp#iezaw atieawamnfronetie tbdkimgmeerdasis 26500 thos ndgeniant shet enhect Seaafidtis of
debris i n king m ers | itio mavyi rts that operate the sliding
sleeve ?‘;%'%ﬁgo?]s%%gség%vglt{ﬁn%ﬁgnﬁlo%@%géf‘/%jp{gH?(ﬁ?ld (E())(c §gé§%eva\{%a%e%gﬁ1é%§sﬁexplained above,
may be filled with a lubricating fluid. By placing these components in a lubricating fluid, the design life
may belRB8AIved Bynhaervbirdzeomm Uligie @?@Wﬂﬁ?bﬁhﬁ@é@ﬂﬁﬁﬁ&?%@ﬁéb@ﬁﬁé@mﬁ Ho@ingn, only a
portion ef tie $0¢3.2742 extengLiiemihRiAgHsING 2 14 SRRl ESBOSRAL SaANRhore,
Furthermore, seals 280 may block seawater from entering the housing 274 near the rods 272. [0085]It
should 8&8 m@m@%ﬂﬂﬁa@mﬂﬁil@f éh@r@ﬁ@mm\#ﬁaﬁgen 2\4@@@3]‘1@% %cﬂ@ﬁﬁf@b@@ W@Hﬁm the
C.1.M.SorgeRpiac ad RS SokmiBressi disablinisromaiatnsef ehemical Bie tifded
management systems 16 and C.I.M.S. inserts 246 WO 2010/065210PCT/US2009/061732
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chemicg INREIQRIBABAEMRURYBISTRAARNY | MSrdRRTEDRABIPRYJRERAP IRy TR AR Operate in

tandem within the C.I.M.S. receptacle 248. For instance, FIG. 19 illustrates multiple chemical injection
managépmiateaehed tevirhiM SsingRIte 248.S. insert 246. As illustrated, C.I.M.S. insert connection
valves 282 may link multiple chemical injection management systems 16 within a single C.I.M.S. insert

246. In podwpn, omeileeBRAvent AfrilkE Cresiises libriies vaabagemeiticystenadd and the C.I.M.S.
inserts 246 may similarly be ?&?ﬁwfi ured to connect with each other, [0086]Bg combining multiple

chemicAlRBEHYR IAIRSEPRSHISTHERRITE AR BVEMEE N EHDRK Va0 AR YEE 14 or

manifoldrgnan §¢ sadathvelbdeinetriedt MotctamperRemnisHiwe ce st wiesurkbactinassyssean 10 (e.g.,
electric

| umpbilicals, lockdown compgnents, volume compensation equipment, and so farth) may be
Ciizo GRL Y EOm L TG T e PR o By AR SH R SRS M.
insert 2¢fp inveddisions favingpaly moelifisityad) e gavkigesnayidigltiertagiveplagemenitafithrdC.1.M.S.

inserts 246.
spirit and scope of the invention as defined by the following appended claims.



[0087]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 inggntion 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 spitit Aapdscope of the invention as defined by the following appended claims. 26 CLAIMS: 1.
An apparatus, comprising: a chemical injection management system for regulating a fluid flow into a
wellhead, the chemical injection management system comprising: a chemical injection flow path having
an inlet and an outlal apparaftitesiapEadve disposed along the chemical injection flow path between the
inlet and the outlet; a non-invasive flow meter disposed in the chemical injection flow path between

the inlet and the oudiSReANER! INeSHYNRanap BRI {RIVeautiRa Ad BN B\ meter and the
motorized valegihedte tainciertedtinletisheoatigeraehtapenticshipasibgek control of a parameter of fluid

flow through the chemical injection flow path based on a feedback signal from the flow meter without

exercising feedback contr8I%GFT |85 P WMBRERA8YI0G ¥ Infet and an outlet,

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

a non-invasive flow meter disposed in the chemical injection flow path
between the inlet and the outlet; and

a controller communicatively coupled to both the flow meter and the
motorized valve, wherein the controller is configured to exercise feedback control
of a parameter of fluid flow through the chemical injection flow path based on a
feedback signal from the flow meter without exercising feedback control of a

position of the motorized valve.

2. The apparatus of claim 1, wherein the non-invasive flow meter comprises sound

probes.

3. The apparatus of claim 1, wherein the non-invasive flow meter is an ultrasonic

flow meter.

4. The apparatus of claim 1, wherein the non-invasive flow meter utilizes thermal-

based flow measurement techniques.

5. The apparatus of claim 1, wherein the non-invasive flow meter utilizes optical-

based flow measurement techniques.

6. The apparatus of claim 1, wherein the non-invasive flow meter is configured to

measure flow parameters of the fluid flow in multiple directions.



2. The apparatus of claim 1, wherein the non-invasive flow meter comprises sound probes. 3. The
apparatus of claim 1, wherein the non-invasive flow meter is an ultrasonic flow meter. 4. The apparatus
of claim 1, wherein the non-invasive flow meter utilizes thermal-based flow measurement techniques. 5.
The apparatus of claim 1, wherein the non-invasive flow meter utilizes optical-based flow measurement

techniques. %. Thetappsitssuaioraiamd 1WHRSRIM the ROR-IMVRERAVhTBRICK iScrPitlised g to measure
flow parameters of the fluid flow in multiple directions. 27 7. The apparatus of claim 1, wherein the

non-invasive TRRHFR PRSI UISrfLHERpHY rYESSORHY A" Ml RRE G awr el ofile ity BPWolumetric flow rate

of the fluid flow. 8. The apparatus of claim 1, wherein the non-invasive flow meter is configured to identify
blockages in the fluid flow. 9. The a%)aratus of claim 1, wherein the non-invasive flow meter comprises a

plurality of trnsducEieRRARLHSEE AfMikrdYBrrEdh BB SOBIINAS S Al GRiRhiAS FA DBFah LPchemical

injection flovygeatiywhsieigesasthset @titheviplurality of transducer sets comprises first and second
transducers. 10. The apparatus of claim 1, wherein the non-invasive flow meter is a secondary flow

measurement device and the chemical injection management system comprises a primary flow
measurememt devidehe apparatus of claim 1, wherein the non-invasive flow meter comprises a

plurality of transducer sets disposed at different angles relative to a longitudinal axis of
the chemical injection flow path, wherein each set of the plurality of transducer sets

comprises first and second transducers.

10.  The apparatus of claim 1, wherein the non-invasive flow meter is a secondary
flow measurement device and the chemical injection management system comprises a

primary flow measurement device.

11.  The apparatus of claim 1, wherein the non-invasive flow meter comprises first
and second transducers disposed on opposite sides of the chemical injection flow path,
and the first and second transducers are oriented at an acute angle relative to a
longitudinal axis of the chemical injection flow path.

12.  The apparatus of claim 1, wherein the fluid flow comprises mono ethylene glycol.

13.  The apparatus of claim 1, wherein the non-invasive flow meter is configured to
transmit information to a master control station using a Can-bus protocol, a Profibus

protocol, a Modbus protocol, or a combination thereof.

14.  The apparatus of claim 1, wherein the controller is configured to exercise feed-
forward control of the position of the motorized valve based on a difference between a
desired value of the parameter and a value of the parameter indicated by the feedback

signal.



11. The apparatus of claim 1, wherein the non-invasive flow meter comprises first and second
transducers disposed on opposite sides of the chemical injection flow path, and the first and second
transducers are oriented at an acute angle relative tog longitudinal axis of the chemical injection flow
path. 12. The apparatus of claim 1, wherein the fluid flow comprises mono ethylene glycol. 13. The

apparatus ofjglaim hwhgiginibenaamnagierdpviimeianistealitiigd iadratsmihiripsmstion to a
master control station using a Can-bus protocol, a Profibus protocol, a Modbus protocol, or a combination

thereof. 14. HHENSIYSRANEH WRANRIGRRRER TS SV AaGae duidertise e it forward

control of thepesitanméiienmeinsgatevaplaseshiitised dfprenceckeiwassr a desired value of the
parameter and a value of the parameter indicated by the feedback signal. 28 15. The apparatus of claim

1, wherein at least a substantial portion of an interior of the chemical injection management system is

filled with a pwtectivyadipgarahsreftHim anemisalinirciimpanagaienhRySigmaarsplises a pressure
equalizer. 16. The apparatus of ¢claim 1, wherein the chemical injection mapagement system comprises a

power-savin§ 22 B S FiTaIRE ARG ROMEE SLRSIE FBERIEHEM- AR BN RS VasheThe apparatus

of claim 1, whereinetae parameter of fluid flow is a volumetric flow rate along the chemical injection flow
path. 18. The apparatus of claim 1, wherein the chemical injection management system is configured to
control electrical or mechanical components to reduce noise during flow measurement periods by the

non-invasivelflow mefeapdfailibefgpmiatusiadrelaithelpardreseindhfiibemicad injettiortmarnagement

system is coupled to ahleehst one of a tree, ia manifold, or a well.
rate along the chemical injection flow path.

18.  The apparatus of claim 1, wherein the chemical injection management system is
configured to control electrical or mechanical components to reduce noise during flow

measurement periods by the non-invasive flow meter.

19.  The apparatus of claim 1, wherein the chemical injection management system is

coupled to at least one of a tree, a manifold, or a well.

20.  An apparatus, comprising:
a chemical injection management system comprising:
an interface configured to couple the chemical injection management
system to a mineral extraction system; and
an ultrasonic flow meter disposed along a chemical injection flow path.

21.  The apparatus of claim 20, wherein the chemical injection management system
comprises:

a controller communicatively coupled to the ultrasonic flow meter;

a valve drive communicatively coupled to the controller; and

a valve coupled to the valve drive such that movement of the valve drive changes

the degree to which the valve is open or closed.



20. An apparatus, comprising: a chemical injection management system comprising: an interface
configured to couple the chemical injection management system to a mineral extraction system; and an
ultrasonic flow meter disposed along a chemical injeggion flow path. 21. The apparatus of claim 20,
wherein the chemical injection management system comprises: a controller communicatively coupled to

the ultrasoniglow medeimialkeHemeommuBisaiiiry satRleditrtitigarteleigaadhe varyalve
coupled to the valve drive such that movement of the valve drive changes the degree to which the valve is

open or clos&dveJs chanasihe, Aeares iR WRigAihe YRINGHE RARNAR LY SIRSE Ao iIGHAL I siBhal the valve

drive to changeddm daueentietayhich the valve is open or closed based on a signal from the ultrasonic flow
meter.

23. The apparatus of claim 21, wherein the controller is configured to signal the valve
drive without regard to a current position of the valve drive, the valve, or a combination

thereof.

24. The apparatus of claim 20, wherein the ultrasonic flow meter comprises a
plurality of transducer sets disposed at different angles relative to a longitudinal axis of
the chemical injection flow path, wherein each set of the plurality of transducer sets
comprises first and second transducers, and at least one set of the first and second
transducers is oriented at an acute angle relative to the longitudinal axis of the chemical
injection flow path.

25.  The apparatus of claim 20, wherein the ultrasonic flow meter is a secondary flow
measurement device and the chemical injection management system comprises a positive
displacement flow meter, a variable area flow meter, or an orifice plate flow meter as a

primary flow measurement device.

26. A method, comprising:

sensing a parameter of flow along a chemical injection flow path through a
chemical injection management system with an ultrasonic flow meter; and

adjusting a degree to which a valve in the chemical injection management system

is open in response to the sensed parameter.

27.  The method of claim 26, wherein adjusting the degree to which the valve is open

comprises signaling a valve drive without regard to a current position of the valve.



23. The apparatus of claim 21, wherein the controller is configured to signal the valve drive without regard
to a current position of the valve drive, the valve, or a combination thereof. 24. The apparatus of claim
20, wherein the ultrasonic flow meter comprises a plygality of transducer sets disposed at different angles
relative to a longitudinal axis of the chemical injection flow path, wherein each set of the plurality of

transducer sggs conmpeiseaHiglRRbRECE)ddraeng ethtrRIANg drasti @D sRIcehiRR st and second
transducers is oriented at an acute angle relative to the longitudinal axis of the chemical injection flow

path. 25. THOEPRAFAL LIEELGHNO S RHERS Al oML TRRSNSMmEM AR Indtdyiths WLEsABS{ #¥w measurement

device and thrhemical injection management system comprises a positive displacement flow meter, a
variable area flow meter, or an orifice plate flow meter as a primary flow measurement device. 26. A
method, comprising: sensing a parameter of flow along a chemical injection flow path through a

chemical injegtion MmasageREtrYIaieMeViEbragrigiigFRVsioNCheeiRsalant a wefidiistig a degree to
which a valve in the chemical injection man?f]ement system is open in response to the sensed parameter.

27. The methBEYFUAMTSE ANaEil Y the degree to which the valve is open comprises signaling
a valve drive without regard to a current position of the valve. 30 28. The method of claim 26, comprising

controlling electrical or mechanica] components tQ reduce noise during flow measurement periods by the
Chrasonic flof) metdite SR Oh IR o SR 58 GG SV ARt el via the

chemical injection management system.
31.  Anapparatus, comprising:
a chemical injection management system receptacle configured to couple to a
mineral extraction system; and
a chemical injection management system insert, comprising at least one chemical
injection management system, each comprising an ultrasonic flow meter disposed along a

chemical injection flow path.

32. The apparatus of claim 31, wherein the chemical injection management system
insert comprises a plurality of chemical injection management systems, each comprising
a respective ultrasonic flow meter disposed along a respective chemical injection flow

path.

33. The apparatus of claim 32, wherein the chemical injection management system
receptacle is configured to couple to a single set of electrical umbilicals, lockdown

components, and volume compensation equipment.

34. The apparatus of claim 31, wherein the chemical injection management system
comprises a power-saving and power storing mechanism coupled to each ultrasonic flow
meter, wherein the chemical injection management system is configured to control
electrical or mechanical components to reduce noise during flow measurement periods by

each ultrasonic flow meter, and each ultrasonic flow meter has first and second



30. The method of claim 29, comprising extracting a hydrocarbon from the well. 31. An apparatus,
comprising: a chemical injection management system receptacle configured to couple to a mineral
extraction system; and a chemical injection manggement system insert, comprising at least one
chemical injection management system, each comprising an ultrasonic flow meter disposed along a
chemical injeefigautevs BREbscdlat A ARPArRIMT AhGIRIRD 3loNghetRintaRiSbe Micahdriagion management
system insert comprises a plurality of chemical injection management systems, each comprising a
respective ultHESHAIE K RAker disposed along a respective chemical injection flow path. 33. The
apparatus of claim 32, wherein the chemical injection management system receptacle is configured to
couple to a single set of electrical umbilicals, lockdown components, and volume compensation
equipment. 34. The apparatus of claim 31, wherein the chemical injection management system
comprises a power-saving and power storing mechanism coupled to each ultrasonic flow meter, wherein
the chemical injection management system is configured to control electrical or mechanical components
to reduce noise during flow measurement periods by each ultrasonic flow meter, and each ultrasonic flow
meter has first and second 31 transducers disposed at an acute angle relative to a longitudinal axis of the
chemical injection flow path.



