1 OTE- 031396PCT SUB- SEA CHEM CAL | NJECTI ON METERI NG VALVE CROSS REFERENCE
TO RELATED APPLI CATI ON [ 0001] This application clainms priority to U S
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incorporated by reference in its entirety. BACKGROUND [0001] This section
is intended to introduce the reader to various aspects of art that nay be
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provi ding the reader with background information to facilitate a better
under st andi ng of the various aspects of the present invention. Accordingly,

it sh@ROSSCREFERENOEO RELATEDCAPPRIGAERION are to be read in this light,
and not as adm ssions of prior art, [0002] Wlls are often used to access
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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 IBACKGRQUND t aken to extend their useful life. [0003] Chem cal
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its mechani cal conponents, such as gearboxes, notors, and val ves that can

wear ¢eadmn tmsEhgm;Lag@pgiras 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.



Furt her, sensors and actuators used to control flow rate can drift over
time, and, as a result, the accuracy of the chem cal injection managenent
syst em cawodenldiesmp These probl ens may be particul arly RCUtUS2000/061782 sea
applications, where the chem cal inpection nanagenentQFEGHABOGRCTOE
difficult and/ or expensive to access. Replacing a worn out or inaccurate
chem cal injection nmanagenent systemcan significantly add to the cost of
operating a well, for ipstance. BRI EF CRI PTI ON O THE DRAW N 0005]
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extraction systemof FIG 1 that depicts an exenplary chem cal injection

nmanagdhe 6ostSfanrsratingiaavellafardnstatept acl e i n accordance with an enbodi ment
of the present technique; [0008] FIG 3 is a rear-perspective view of the

heni qsbiERbeeld FIG 2 ; [0009] FIG 4 i
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per spective view 0 val ve receptacle of FIG 2 ; [0010] FIG 5 is a
cut awd9005lew bhesdand bdmrdabtures, espeors, and agwapiages o tleapadsert Avedtion[ 001

1] FIG. is a side-view of an e lary flow.regul at.or in,accardance with
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technique; [0013] FIG 8 is a diagrammatic view of the Tlow régul ator of

FI G dkeZhareto31r8p6Rent [ikD paits Mirgugboilsthe drawingssabereinal vi ew of an
exenpl ary pressure equalizer in accordance with an enbodi nent of the

pr ese%oﬁéﬁc hnf—'ﬂ?'.el; 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;



[0015] FIG 10 is a flowhart depicting an exenplary pressure equalization
process in accordance with an enbodi nent of the present technique; [0016]
FIG 11 iwoaomvwssosecti onal di agranmmatic represent ati orCofusarwImsEapl ary
ultrasonic flow neter used with theafl ow regul ator | ODREQFIBABPETV th an
enbodi nent of the present technique; [0017] FIG 12 is a graph depicting
needl e position versus flow coefficient for the valve of FIG 7 ; [0018]
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the flow regulator in accordance with an enbodi nent of the present
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exenplary alternative chenical injection managenent system receptacle
wi t hi j00h6lch FI& Tthigm calsstggictiohalaiagranagetie rdpreysitation nEantexempfdre. 15 may

| ock into place; [0022] FI 7.1s a cross-sectional vjew of the chenical

i nj ectq'%ﬁﬁﬁﬁﬁﬁﬁré%rg%ggéﬁhitﬁ%ﬂow Soumste] '”1%9‘106&55& Wit 8N AMRRLITENkPh t he
chem GRd pldYeRf tdHhj agenent systemreceptacle of FIG 16 ; [0023] FIG 18
is a pergpectl ve view of the chemnical injection managenent systeminsert of
FIG 15 locked into place within the chem cal injection managenent system
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[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



[ 0025] One or nore specific enbodinents of the present invention wll be
descri bed bel ow. These described enbodi nents are only exenplary of the
present iwoentwwm10Additionally, in an effort to provi deCa/usoreiosE32
description of these exenplary enboginents, all feat WEE-051386PTT Ua

i npl ementati on may not be described in the specification. It should be
appreciated that in the devel opnent of any such actual inplenentation, as

in an i negring or design project urmer ous i npl enent ati onspecific
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vary fromone inplenentation to another. Mreover, it shoul'd be appreciated

t hat syglems.devel opnent effort nmight be conplex and tinme consumi ng, but
woul d neverthel ess be a routine undertaking of design, fabrication, and

manuf i { i benefit of this
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i njection managenent syste orfe _enbodi ments may include a flow regul ator
that ispetifideiecaiensomusbbe naste ionachi¢veethiel davehepars sspesifichgeals.suchagsoni ¢ f 1 ow
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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



| onger life cycles and may mai ntai n neasurenent accuracy |onger than other
types of flow neters. [0028] In sone enbodi nents, the flow regul ator may
al so be cwof2ogureeriot o exerci se direct, feed-forward con®colusedoomaciat ve,

Wi t hout using a nested val ve-positigning feedback cordTBO31B9BPCH

expl ai ned bel ow, flow regul ators exercising feed-forward control of the
val ve may remai n accurate over |onger periods of tine than systems
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equal iflper metergeduce hydrostatic | oads in sub-sea applications, as explai ned
bel ow. Prior to addressing these features in detail, aspects of a system
t hat ma enpl oy such a chem cal injection manag ement system are di scussed.
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subst ances, 3uch as those 'di scussed above. [0031] Wien assenbl ed, the tree

14 rraﬁp@@cnmlaéeMetrh\ealvebompznanm havel wae er ather emdlmns/haweeshamgect i ngs, and
controls for operating the well 12. The chem cal injection nanagenent
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the chem cal injection nanagenent system 16 nay be configured to regul ate
the fIVRArEM MO¥RERARPORaNt®agH 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



the tree 14 and into the well 12. [0032] FIG 2 is a perspective view of
the chem cal injection nanagenent system 16 nated with the val ve receptacle
18. As ilwo=brezteerdp t he chem cal injection managenent sysrasedd/oneryg2 i ncl ude
a flow regulator 20, a pressure equglizer 22, a housi@pEXB1396PCIE
interface 26, and an ROV (renotely operated vehicle) interface 28. As
described in reference to FIGS. 5-8, the flow reguI ator 20 may i ncl ude
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di spo§b@l|l{t/a ofhavingeompanants withicibedtousing 4. PTheteaddepsingringsertgatives
confi ure to,.electrical | ui dl and/ or nechani cal.l couple the

Chon e i ShinckRotaat hetdmin TRRCH5n FEAERRLE: Yo e Bk At rent ary
conponrpstssen. t he val ve receptacl e 18, as expl ai ned bel ow after discussing
the ROV interface 28.7 OTE-031396PCT [0035] The ROV interface 28 will now
be described with reference to Fl GS. and 5. The illustrated ROV interface
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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.



76, and a torque-tool interface 78. In sone enbodi nents, the ROV interface
28 may be an APl 17D class 4 ROV interface. The ROV interface 28 may be
att ached wo 20tvevesaiver end pl ate 46. The torque-tool i ntePCaas2008/061m2 ch nmay
be configured to couple to a torqueztool on an ROV, rayE{ps1@d3ospeIed w t hin
the flared grip 72 and generally symretrically between the slots 74 and 76.
[ 0036] As iIIustrated by FIG 5, the torque-tool interface 78 may be

v eadd988unT b miaflacs STl Bam harera bac itk Taree a6 e

oper aWr@ﬁll@étrétBvamﬂa%‘@% r%gﬁnéﬂ%@&ﬁ@r‘tur’é@cyoafatf%[reélgﬁ?w'sréﬂs f7&aind es
of the val ve receptacle GS. | ustrate the exenplary

val ve 76c asgtaaiorqueriol mtarfaée@%wlm somecembadinerys.dbpiRO¥dnteyfase @8 may toge

ol cot ATEAT LamRE b hCob ME e T Y ihBliSe 2B R Bafeb Al Fie”

f 1 angemaifiateads.oThe toruanes ifferiazeVva, \(fm@lrli)ﬁ’fatylb@cdﬂg;uréd Yekyeplertay 102, and
tray supports 104. fluid inlet 86 m conduit, tube, or pipe

The
t hat it@rque tﬂpm@aeﬁ%nﬁ@é{tb%@ﬂsﬂﬁ)*@&ﬁ W'thlndihé flased 86D 72N g@n%raﬂmpm y of a
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t ube, comuni cation with the well 12. The
electrlcal connection 90 nay couple to a power source, a user input device,
a di sj0e36] anAs dlustratacsbe @ obittheltbeyue-tobeintartate ) nfdyadreyeoYdedhy abe
configured to couple the valve receptacl to the tree 14, e keyway 94
ona ¢ Hegil BvE e B Al BCLBRS et 50, SithleeRSDyRI0 BB gd e
cheni Galn BAieAtis ARKSRAAGRBIN 6 STREBB RNt dTan¥ss ¥6m P%ﬁéﬁfs%\l%ew during
installation of the chemcal injection nanagenent system 16. Specifically,
t he valeseribegptier discassing featasesd thewaivgueeeptasiesiport the cheni cal

i njection nanagenent system 16 as it slides into the valve aperture 100,
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conpl gappLany, Hhutsd finge SRR EptEre 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



and a conplenentary fluid-outlet connector 120. In the present enbodi nent,
t hese conponents nay be disposed within the valve aperture 100. The |ead-in
chanf ers WO20ewmd52180 and t he sl ot 106 nmay be confi gur edPCo/tskéogneenz
receive the latch 62 fromthe chemgal injection mnayeERyE1398PCIM 16, and
the chanfered apertures 112 and 114 may be configured to receive the guide
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t he ai Cgf. t.he aﬁ chanf ers 108 and 110. [0040] To formthe electrical
and f IR r'%%rﬂ?@@?? 04 torque tool on the ROV nmay then rotate the

t orque-t ool interface 78, which may rotate the driveshaft 80 within the cam

84. Theo3sIm 8AunRY indtangidnt tHRPEHEicERingdtiohBahddeihe@syeterhatathinpbeof the
driveshaft 80 into rotation of the latch 62, thereby positioning the |atch
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from %?'v@gséwl'lj'heedRerﬁay 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



through the slot 106. After 90 of rotation, the cam 84 may generally cease
transmtting9 OTE-031396PCT rotation of the driveshaft 80, and the threaded
coupl i ng 80 208p06snvVert rotation of this driveshaft 80 iPoTarsaodvionsar
translation or pulling of the |atchg62 back towards tOEEDNB13960CHE.

However, because the latch 62 is out of alignnment with the slot 106, it may
be generally prevent ed from novi ng backwar ds by the valve receptacle 18. As
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confi ghleedrfaoe.regul ate or control a flow paranmeter, such as a volunetric
flowrate, a mass flow rate, a vol une, and/or a mass of fluid flowng into
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148, and an outlet manifold | lustrated needl’e seat 140 may
i ncl udeuspper24rans aEizGa&dluatramtbaé@w lraguaatpam inBolativne feedlie alxRssay be
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need! ¢jigRammdib rdgﬁ@éé’dtaﬂldh ep@iedidvwreguiatbl od may flow in thr Ough the
threaded inlet 13 pass through the needle seat 140, and flow out of the

val ve 128 through conduit 124, which nmay be coupled to be outlet manifold
150. TR@A42eedl erminptklE .t floM @uiaior AQma |@glu§i§ 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



arrow 156 to control the flow rate through the valve 128. As the needl e 142
Is withdrawn or noved upwards, a gap between the tapered tip 158 and the
nar r oned WO OIBSIME- 031396PCT pat h 154 of the needl e seatr/uB4@9may3expand,
and the flow rate may i ncrease. Conmpersely, as the nepiE®34496PETdri Ven
into the body 136 or noved downwards, the gap between the tapered tip 158
and the narrowed fluid path 154 may decrease, and the flow rate through the

val ve 128 y .decrease. That the f|owr t hr t.he valve 128 may
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conf i geN@P fasiugerverari rethgselompanants 16@andate. a mass flow rate, a vol une,
or a nmass based on a signal fromthe flow nmeter 132. The controller 134 may

[0046] The flow meter 132 may include a fluid inlet 166, a fluid outlet 168, and a
measurement signal path 170. In some embodiments, the flow meter 132 may be an
ultrasonic flow meter, as described in greater detail below with respect to FIGS. 11 and
14. Thatis, the flow meter 132 may be configured to measure a flow rate or amount of
fluid by transmitting acoustic energy along one or more paths through which the fluid
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



al so be configured to regulate or control one or nore of these paraneters
based on the signal fromthe flow neter 132 by signaling the notor 160 to
adj ust t hwoposvassan of the needl e 142. To this end, thePconseadloer’3134 may
i ncl ude software and/or circuitryl}l4OTE- 031396PCT corthTEWFABOBPOI<ECUtEe a
control routine, such as a proportional-integral-differential (PID) control
routi ne In sonme enbodi nents, the control routine and/or data based on the
si gnal omt be stored in .nmenor
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of the flow neter 132 may be fluidly coupled to the fluid-outlet connector
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flow regul a 20. The controller 134 may transmt a control signal to the
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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



drive the gearbox 162, and the gearbox 162 may convert rotational novenent
fromthe notor 160 into linear translation of the needle 142. As a result,
in sone ewbadiomssile, the flow rate through the val ve 128CRas20000683a%€e as
the gap between the tapered tip 15820f the needl e 1427ppdH3I1396PEOT OVed
fluid path 154 of the needl e seat 140 increases. Alternatively, if the
controller 134 determnes that the flowrate (or other flowl2 OTE-031396PCT
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par amis,éhe mytrb&erc*r% myaanﬂajcmrM@mned; 184ribatiedletermined, atdeast nepgrt a

f eedback trol di d t th dl t

nest eba ERMRagSe BRMui Bidis BRRRACEhAC L Rlua s BEceshy BRYS e 11 ow
par a”ﬂtrﬁerdes[n%@ﬁdec@ES@SlﬂBﬁ%ﬁ’aWE@U%téWné@by iangbledeqBafi@s iR/ sodidtinshpop or
nmay enpl oy a nested control loop in a nore limted fashion. For instance,

in somioreRtBMerBals] 74 Hat corelases seedlepastipnuith flewaatethrokghithaalyeedback
31 9nal1 b7 fboPeadblXo ook Bl ol aagah dnd BBoflbh ¥F e pghAgly & ona

175. I'n¢certarn e & cont ex erC|se or war d
cont r andayefloilgaosster maydfe theraoeeidee ak%wﬁ@‘latnesmd ¢dretrol 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



controller 134 may transmt control signal 164 to the valve drive 130 based
on a difference between a desired fl ow paraneter value and a neasured fl ow
par anmet erwoabuwassriegar dl ess of a current position of thecmasdée/odwd2 |n
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Advantegeluds mayHes Bﬁ@@@@ﬂ%ﬁeby thasg soercemyf €k i cate and/or tend to
reduce wear on conponents inside the housing 24, such as the driveshaft 80,
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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



t he housing 24 may be substantially watertight. In some sub-sea
applications, a difference in pressure between the protective fluid 182 and
surroundiwg 208A6811er may exert a hydrostatic | oad on theChassémgerd2 To
reduce this load, the chem cal injegtion mnagenent FEDR1BO6PET | ncl ude a
pressure equalizer 22. [0054] Features of the exenplary pressure equalizer
22 will now be described with reference to FIGS. 2, 5, 9, and 10. As

illustrat by. FIGS. .2 and 5 ressure equal i zer 2 i.ncl ude one
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equal 'eﬁ%oﬁ%eﬁ%’nﬁytlﬁﬂgdé '1WQV§ 4"5%rtrﬁ@rerl9!d§dé‘r§ 24 fromthe outer-end plate
46. Some enbodi menfs may include 1, 5, or nore bl adders. [0055]

FIG 9 illustrates a cross-sectional VI ew of t he exenplary pressure
equal (9895 2. Fithe® Husiiales almswcn@nam@v@f the exgmplagnpressdreoeqvalizert i ght

mat er i . b 184 may
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seal ing nenbers 190 and 192, and an O ring seat 194. water inlet 188
may ed'@RA AR CAUPIE Inderfiting A§6 B8EN&®Mdr ovi de a fluid passage into the

bl adder 184. The sealing nenber 190 may seal the bladder 184 to the fitting
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operation, the pressure equalizer 22 may ténd to reduce a difference in
pr essUnay peepriale Wik apranastire wietha outgr-esd phate 4utorsravee e fiingr 8§rt@§b@|r e.
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fluidsbée émodlmemtsrmteerdtnb?waern@aysunb%e thfeadwth\a@b@cs pdtaRswihe 196 is
greater than the pressure the protective fluid 198 t he bl adder 184 may

expan&oﬁmﬁr@ﬁnb?gﬁblt@feédﬁ @F‘d@et%'t%\%n%?@i%éﬁla\ﬂ@/qu ajfhieaded pridisposed
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
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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
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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.



degrees (i.e., perpendicular to the longitudinal axis 2 16), 15 degrees, 30
degrees, 45 degrees, and so forth. Indeed, as explained in further detail
bel ow wi tWorespwssiloto FIG 14 , the angle g may be as gPeatusa®Ide17degr ees,
such as when the transducers 206, 2G8 are placed at qpp9318396PET of t he
fluid flow path 2 14. In addition, in certain enbodinents, a plurality of
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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



be very sensitive to particulates in the fluid. However, when using
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so forth) with the chem cal injection

[0068] In addition, the use of ultrasonic flow meters may also allow for identification
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 throttling section of the chemical injection
management system 16. Being able to identify hydrate blockages may allow 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
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[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



illustrated procedure 226 may include neasuring a paraneter of a fluid
flowing through a valve, as illustrated by bl ock 228. This nmay include the
above- nerwoansdesiieps of flowing the fluid through the PCoWwSa@0O617382.
Next, the procedure 226 may i ncl udegpeni ng or cl osi rQTElB188kPETOY a first
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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
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order t ul at qu vel ociti d volunetric fluid flow as, descri bed
Shove At BTp 88 shcfe andle ol B fof, st atiidefiulaict haf bl n ng
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t he ad@@gﬂltl@npﬁt%amowt ofepqyver uses @h@eeCQﬂtm?'eéﬂl%s@fOP@ﬁQ’f 17¢hegd vari ous
cal Cu'rﬁ%rlng 17’@}(%{ flt?%eggse\%l?r conplexity of the controller 134 and

associ a proces and fenmory 174.

[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 power may be an
important design consideration. In order to ensure that enough power is available for
operation of the ultrasonic flow meter 132, the flow regulator 20 may include various
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



In addition, the amount of power used by the controller 134, processor 172,
and nenory 174 may increase as well. [0077] Furthernore, only alimted
anount ofwpawsvoesry be avail able in the chem cal injectipom/usasagermnt
system 16. As such, the use of theddamted power may (EEa3B139BPCTANt design
consideration. In order to ensure that enough power is available for
operation of the ultrasonic flow neter 132, the flow regul ator 20 nay
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being transmtted bet ween them However, the external noise may be
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t he ul ni f r e.
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on flow neasurenent accuracy. fl It should be noted that the exenplary
enbodiviemof anothiee euempwmmltraa'dnwﬂmmtew% |usedgvlﬂanhedlqvnragtnaton204 én

nmerel y,.int t e exeml ary. and the soni ¢ fl ow neter
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vi ew of another exenplary ultrasonic flow neter 132 used with the flow

r egul & atZbe first hamds2 4 iiaeseseconth i@ die saeand bent224.1and ienuiees a
first ol&‘?ijtr‘?eA'r%eaQﬁlre?negrﬁcp%'éj21o. 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



bend 244. More specifically, the fluid flows into the nmeasurenment pipe 2
10, takes a first turn at the first bend 242, takes a second turn at the
second bewo 28t65ANnd t hen fl ows out of the neasurenent pCPAIS20000617BN0 thi s
enbodi nent, the transducers 206, 2Q8 are | ocated nearQTEFABVEPCIA2, 244.
In particular, the first transducer 206 is | ocated near the first bend 242
and the second transducer 208 is | ocated near the second bend 244. The

t d 0 ted t rd h oth h that th t
bat ﬂsf%%gﬁlﬁaﬁe%@oﬁg s s B0 PG, 675 Lo iGE oo PRbabeBell 45 ¢ o
t he S&y rI"R/I %4d)4|nsé§ 2a€%nflgﬂréd1ﬂ030mgpmtwﬂﬁlH%naélﬂ#ﬁéﬂl\fe eEnan g

betvveen the trans ucers 206 8 is transmtted either directly against or
di r ectregepipcle 248 aglilbstieted InuFi&. Tﬁqemfadﬂl’fmmé‘_ﬂﬁéi tly,angbl & itestrate theow r at e,

Rt e e B R e e

may clraggeess! ightly due to the differences between the geonetries of the
enbodi ments in FIGS. 11 and 14 . [0080] Additionally, although errbodi ment s
of the_chem cal injection managenent system 16 illustrated in FI GS
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As di scussé
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



flow neter 132 may in certain enbodinents be an ultrasonic flow neter. The
C.l .MS. insert 246 al so includes |ocking nenbers 250, which may be

confi gur edoto1mmsBmowi th a flange 252 of the C.1.MS. reeeptiseton/gwd2 | n
particular, the flange 252 nmay haveoga recess or circCUBRE-GB1396PET254, wWhich
have a conform ng shape with the | ocking nmenbers 250 of the C.I1 .MS.

I nsert 246. A sliding sleeve 256 nay be forced behind the |ocking nenbers

250 t | d, th to th f ' 254 af t
226 | SIPRTFISHE 256885 baibPady et RBBRBadnanbes 285 o Bleabedpport
pl at e {g6E Wi S hns&y 2ke. @ﬂ@ﬁﬁiéédthb%émﬁg &bk 280 %a’?&ﬁb&é’?é&aﬂw addi tion,
a seal 260 nmay be used to seal out seawater between the |ower support plate
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shown). A plate 276 may nove in tandemw th the rods 272. In addition,
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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



sl eeve 256 noves down axially as well and the |ocking nenbers 250 nove
radially into the circular grooves 254 of the flange 252 of the C.I .MS.
recept aclwo248/06300r el ease the C. 1. MS. insert 246, thePCods20926178Y be
raised axially and the CI1.MS. ingggt 246 will nove QPE-0F130BPJdTOCked
position, since the | ocking nenbers 250 beconme unsupported after retraction
of the sliding sleeve 256. In addition, as a backup nethod for novi ng t he
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[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 invention is not intended to be limited to the particular forms disclosed. Rather,
the invention is to cover all modifications, equivalents, and alternatives falling within the

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



Cl .MS. inserts 246 may simlarly be configured to connect with each
other. [0086] By conbining nultiple chem cal injection nanagenent systens
16 and C.WO.2M0@¢65inserts 246, space within the tree 14 ecTnsnibob3zray be
saved. Furthernore, common conponentgss of the resour COERIPABDEPCTSYSt em 10
(e.g., electrical unmbilicals, |ockdown conponents, volunme conpensation

equi pnent, and so forth) may be utilized when multiple chem cal injection
nanagetgﬁ&méystens 16 are located within a single CI .MS. insert 246. In
addi t ivor, ving only one retrievabl e package may aid in the replacenent of
the Cql . Map apps@idss céfris[fy@87] Wile the invention may be susceptible to
various nodifications and alternative forns, specific enbodi nents have been
shown by waychgmisabimsodionmanageaiment sygerifer legutatingenfldddion inérlai n det ai |
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to cover all nodj ﬁd\ﬁ@btmﬁévingfmiim%lt gAtsn @urktal ternatives falling within
the spirit and scope of the Invention as defined by the foll O‘Mé‘ﬂ appended

cl ai ms. 26 OTE- 031m9BpEedoaivavtispasechin tgdhticpath betwesnitse et an cal

i njection rﬁ%taggerrent systemfor regulating a fluid flowinto a well head,
the chem cal I'dj ecti on nmanagenent system conprising: a flow path having an
inlet and an outd edn-irvasivediow etbteradigposidipase diuichpathebdtiveed tpairtietmicveen
the inlet and the outlet; a non-invasive flow neter disposed in the fluid
path bet wedP® PHECH ANt and the outlet; and a controller communicatively

coupl ed o bot h o iendiBcERIRinieAel) Coub@id BEEh el e idriehe

controller is configured to exercls f a paraneter of
fluid fl owndiodeegd valve, vheveipdivd conrisalterds canfigirdd 4 lkexsicipealeetiback tomirdll ow

meter W tholh SaEhS! il ERORARTOUTATE o Bar? BR2U!drPE 1&dadatk Sl ' 2ed
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 claim1l, wherein the non-invasive flow neter conprises
sound probes. 3. The apparatus of claim1l, wherein the non-invasive flow
meter i s wo020iessonic flow neter. 4 . The apparatus of PCTAiIS2002/061MBEr €i n
the non-invasive flow neter utilizeg thernmal based | @QTEREI306POT
techni ques. 5. The apparatus of claim1l, wherein the non-invasive flow
meter utilizes optical based fl ow neasurenent techni ques. 6. The apparatus
of clajm1,_wherein the% non-% n\i\,/@si ve flow neter is configured.to neasure

of
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7. Thenapnre akeideRsitEdbBih@filid Mg ei n the non-invasive flow meter is
configured to neasure the density of the fluid flow 8. The apparatus of

claim1l1, wherein the non-invasive flow nmeter is configured to identify

bl ockages i-h the fluid flow . 9 T f £l aj . ein the
non- i nvasi % %rh&seq,f Cll%'mcanF%%f%@@@@@&%ﬁ&?J%gﬁg{%%r:s'syxﬁ%bgg%gstpty of

t he fligertify bRitkad®s inlthe fapgabat us of claim 1, wherein the non-invasive flow
nmeter is a secondary flow nmeasurenent device and the chem cal injection

managenent system conprises a primary flow neasurenment device. 11. The
appar g us cl 3l , i ; -s”ﬁc; / t i
corrpri%ts'es ?h&ﬂ%@%f‘gﬁf{ﬁ;%ﬁ%ﬁ% rrer%/{aﬂ;\),agl\ygrl a h%?%ﬁgé:oﬂ ﬁ%‘éﬁ'& er,
ori fi d¢eerlfptkrafyesinnEsersity @f tiee fioigtflovat i on thereof. 12. The apparatus of
claiml1, wherein the fluid flow conprises nono ethylene glycol. 13. The

apparatus of claim1l1, wherein the non-invasive flow neter is configured to
transnigt i nf i t RS L BReef SRR b i s Rot ocol ,
a Prof iOLus pﬁmdgﬁﬁjsaﬁwﬁgﬁs’ pr%lftéocg{, %r rg;a%o%bl}bﬁ\yaﬁbé% |§‘%123r eo .dal)gf . Th
appar diowsmetisaiement devideearad thet tleersicat infdction managaménfeysten coexxisesse f eed

forward. control of the gr%sd'tion of the notorized val ve based on a

di f f ePEFELY BIOWEASYrement aevice.

11.  The apparatus of claim 10, wherein the primary flow measurement device
comprises a positive displacement flow meter, variable area flow meter, orifice plate

flow meter, or a combination thereof.
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.

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 protective fluid.



desired value of the paraneter and a value of the paraneter indicated by
the feedback signal. 15. The apparatus of claim1, wherein at |east a

subst ant i 2povasszan of an interior of the chem cal i njeeCiras2ommnayenent
systemis filled with a protective 49 ui d. 28 OTE- 0313 PED31B96POT appar at us
of claim1, wherein the chem cal injection managenent system conprises a
pressure equalizer. 17. The apparatus of claim1, wherein the paraneter of
fluid flow.is a volunetric flowrate, 18. The a ratus of claim

Compr 161 ng 1o SRRATEb B AT e B e e AR B CLR N AARARSTERT: YPEBm and a
vel | coulrRdstPpldisuld &§ualik8r. The apparatus of claim1, conprising a

mani fol d coupled to the chem cal injection mnagenent system and a wel |
coupled to the manifold. 20. An apparatus, conprising: a chemi cal injection

Chomy adr i rrEctmon SRR @l i iAo bde B Peb Bionng an

ultrasge.c flow neter. 2 1. The apparatus of claim20, wherein the chem cal
i njecti on managenent system conprises: a controller comrunicatively coupl ed
to the ultrasonic flow nmeter; a valve drive communicatively coupled to the
contrald er; v e & Y j c ; nt of

t he vgl8\'/e rrl%\r;%p @%é@&e@ #ﬁgpgegr@@'%‘@gﬁﬁ%%g?%éég?\%é &érﬁ%&“’ﬁﬁ%’c‘ﬁc osed.
22. Thearggsneisystém anali anw2ll toupleertoithe thee. control ler is configured to
signal the valve drive to change the degree to which the valve is open or
cl osed based on a signal fromthe ultrasonic flow neter.29 OTE-031396PCT
23. The appafeAitsarafusdraidie1 leotBhdinh B hasirAeblpldRb the cheRfiéaur ed to
signal the val \}g%drr{u\?e 3\‘1” out Oregarldgto a IcurrenP posi tlégn 01‘J t he val ve
dr i ve,injetigorveianageorend sgstatyi asd aomell coupled to the manifold.

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.

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.

22.  The apparatus of claim 21, wherein the controller is configured to signal the valve
drive to change the degree to which the valve is open or closed based on a signal from

the ultrasonic flow meter.



thereof. 24. The apparatus of claim 20, wherein an interior of the chem cal
i njection managenent systemis at |least partially filled wwth a protective
fluid, amowhavesz10t he chem cal injection managenent sy®CEmMSe@IPsi’sEs a
pressure equalizer. 25. The apparatags of claim?20, WETEL)R1396PET r asoni c
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meter; and adjusting a degree to which a valve in the chenical injection

nanagéln%rﬁpfsystem is open in response to the sensed paraneter. 27. The
met hod of claim 26, wherein adjusting the degree to which the valve is open
conprises signaling a valve drive without regard to a current position of

the valve. %aﬂpﬁ'&?amtdmﬂ’alﬁm@'\ﬁhé%%anvmw@ﬂéftﬁ@@ﬁbﬁﬁc@nrﬁa@bﬁtﬁfﬁter of flow
conprises sensing a volunetric flow rate, he met hod of clai m 26,
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26. A method, comprising:

sensing a parameter of flow 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.

28.  The method of claim 26, wherein sensing a parameter of flow comprises sensing

a volumetric flow rate.

29. The method of claim 26, comprising flowing a chemical into a well via the

chemical injection management system.

30. The method of claim 29, comprising extracting a hydrocarbon from the well.



receptacle is configured to couple to a single set of electrical

unbilicals, | ockdown conponents, and vol une conpensati on equi pnent.

34. The

appar at uswof2oolmsam3 1, wherein the chem cal injection FaEmAFNR6173YSt em

insert is configured to be retrievag e by a runni ng tQPE-031396POT! v

operat ed vehicle.

31.  An apparatus, 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.

32. The apparatus of claim 31, wherein the chemical injection management system

insert comprises a plurality of chemical injection management systems.

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
insert is configured to be retrievable by a running tool or remotely operated vehicle.



