CHEM CAL- | NJECTI ON MANAGEMENT SYSTEM CROSS REFERENCE
TO RELATED APPLI CATI ON [ 0001] This application clains
w@eoosodty3 to U. S. Provi sional Patent ApplicatiPeCI/Ne2008/052681

60/ 898, 836, entitled "Chemi cal -1njection Managenent

Systent, filed on February 1, 2007, which is herein

i ncor porated by reference. BACKGROUND [ 0002] This

section_j S j 0 vari ous

aspect o CEM AR ER OB UANY G M TS B s pec s

of the present invention, which are described and/or

cl ai med below. This discussion is believed to be

hel pful in providing the reader with background
CROSSREFERENGE TO RECUATEDAPRLIGATION under st andi ng of

the various aspects of the present invention.

Ac . it should be und od that t
[0001]¢; SREnaRBicAion cBTBE MUty 13- Dhis HTPYRONahrpiRak Apdlication No.
60/898%HE, SéntRide Abhéthical- Irﬁé?tron[ W%] eWdrtSspdienp! iy ‘fbﬁeﬁebruary 1,
fo access resources ow t he urface of the eart
2007, woichiinbewait écogporatathbyirefereyeee, and wat er are often
extracted via a well. Some wells are used to inject
materi als below the surface of the earth, e.g., to
sequester carbon dioxide, to store natural gas for
| ater use, or to inject steam or other substances near
BACKGchiJNDNeII to enhance recovery. Due to the val ue of
ese subsurface resources, wells are often drilled at

[0002] gr eTE{ys éeg@{glé mggwgeg i@ gﬁtrqdéucg the reg,cﬂergwwayoyg;@@ﬁeg@ of art that
may bée?gl&% tb r\‘/ﬁhBUé‘%@{grgétsldfft A8 gﬁﬁ&?\ G@hich @r@ﬁbbe ed and/or

genent syste PeRused 1o maincain a
clalmedbé!aw ?éhismscms:srummgjemet/e@to be \melpful |ﬁq1roeximgpihe reader with

backgrB @ OB LRI e B, Sai LR RANE & Jagi Ve pepags of the
presenfrﬁ{v%htlé‘ﬁ S Aclé@r’éhr@j/ b §hdd '%t fderbtDodanay t%sé%ﬁdtém‘éﬁi?seare to be

to extend the e of a well or Increase the rate at
read invthisdight,ezrslin@less adrelse)qnsam‘tmwrfanrtom a well. Typically,
these materials are injected into the well in a

1000315 0ol i oIBT (6K B BRodbahBEb BB indloW B Bufilfe of frpartn. For

mstandef oﬁl @étafal fg&b angl Watteroairelfﬁme@y@t@Weﬂde@@e wells are used
mechani cal nPonents such as

to mpc@gggtga&lg@elqmﬂaﬁ surfagriof,/theveadth, 199 Ensequastergkarbon dioxide, to
store ngH{rEP@is for ?ﬁ%?ﬁ%efgdr}dtgﬁ'@%lf?%%ﬁ %ﬁi@tﬁe? QuiEQBhESY nE4O¥h oil well to

enhance recovery. Due to the value of these subsurface resources, wells are often

drilled at great expense, and great care is typically taken to extend their useful life.

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

management system.



result, the accuracy of the chem cal-injection

managenent system can decline. These problens may be
w@arosioguharly acute in sub-sea applications, WET/ES1008052681

chem cal i nj ecti on nmanagenermt system nay be difficult

and/ or expensive to access. Replacing a worn out or

i naccur ate chem cal -i njecti on managenent system can

0005]° . I b e i e n iRt m SR A ey @%@gj.ted%y its

mechaﬁf&@ﬁ@orﬁﬁ@n@ﬁt@eéuérﬁ% Qéﬁﬂoox%P%i&rs éﬁ@véﬂéé"ﬂﬁé{%ﬁ \Qéar out.
the present invention w il becone better understood

Furtheiisenserscaricdactoalang uged & ceatreldkyy raeican dsift ewartting, and, as a

result, GECERuERSH FERRRRIGE- PR A D SR b ebine. These

problem€ P Béfpalrtidﬁﬂarﬁaéd&ewégbl@b@ldpdhb@tlcﬂfsawrlwéthd\bﬁémldal-
[ 000 FIG 1 is a perspective view of an exenpl a

| a
injectiondganagement $3é$é@mdﬁa)§9§tcéfﬁw|h ape©scFRABEVEte RCEPSS. yRepIacmg a
worn oﬁpgplﬂ?ﬂgtﬂ%téjéhérﬂﬁcap frﬁé@tmn %ﬁﬁggiﬁlﬂgﬁt S)qugrggéan': % &élglg?t‘élﬁ/ add to

erspecti v e resource ex

the cosiyﬁbpmalihgl%l @ell fohaistaleqm.ct s an exenpl ary
chem cal -i nj ecti on managenent system and a val ve

BRIEFJTESERIP TR RETEE PRORBINGEG °3 S a roar- per spoct i ve

[0006]VI eMﬁé%fe dﬁtﬁot‘h’éﬁf@a‘%@n‘es‘ BE§&dts Oéhdfﬁaﬁé}ﬁﬁgé‘é ob et ﬁf@b@ﬁt invention
2 ; [0010] FIG 4 is a perspectiveé view of

will becmne@ettetwpdqetcmobwhm the fpllow[r[ggdeta]lecstmscraotlom @f Certaln
of th cal-l ction nmana

exemp@t 2 og)/rhg |S£ea§t/vd)t31r%ergn@ CACLOMRA na;ae‘\fln%%m which
like ch&vseraes aeprebbAWiKee gt SHRE UG HD LA IS HEERNBGS WyhEr et _
enbodl ment of the present technique; 0013] FIG 7 is

cross-sectional  view of an exenplary valve in
[0007]achd9ddr1§@ RETEREGiyecidw il RErRxesmPlare" %pgg@r@xtractlon system in

accord%ﬁEQWnﬂ ' ERBL4 é:rbféétﬁ%bﬁe%ggi%]wn atic view of the

at or 9is a
fl ovvchart of an exerrpl ary flow control process in
[0008]acddfdanis e partial perspetiom viewtof die tésoupce semaction system of FIG.1
10.is a cross-sectjonal view of

that detgw?galg pg}(ﬁ,ao M&@d?g |@J&ggpn managemen sys{em and a valve

receptacle in accordance with an embodiment of the present technique;

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

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

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

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

embodiment of the present technique;

[0013] FIG. 7 is a cross-sectional view of an exemplary valve in accordance with an

embodiment of the present technique;



accordance wi th an enbodi nent of the present
technique; [0017] FIG 11 is a flowhart depicting an
we@x@spdHLy pressure equalization process in acROr/Us2v0&052681
wi th an enbodi nent of the present technique; [0018]
FIG 12 is a cross-sectional view of an exenplary flow
neter in accordance W th an enbodi nent of the present
te [ .0019 GS. 13- are a cros ctional
00141, S &B BHS adiegienlimals dieves! bedioM ARt FRERient § a
st ages of operation; [0020] FIGS. 17 and 18 are graphs
[0015] derFret ong aﬁ%ﬂdha@ﬂo@ﬂé%m?la@ﬁﬂbﬁ/ don@idl pRieekk MabBdrelance with
of FIG 12 during forward fluid flow and reverse fluid
an emqument@fs,t@@dqreeemt;teclprmqgm FIG 19 is a graph
depi cting needl e position versus flow coefficient for
th I f :
100161 18 AP e Besspar redion Bour 8P aF o giPlart By Sufg eqpatizer in

accordanee adthran embadivogriafidiee prddenatechmiopdi; ment of t he
present technique. DETAILED DESCRI PTI ON OF SPECI FI C

(00171 T d1dn 8 ot RPsiTa SBeXaBbEY hassis oauaaLog Process

in accoi@Ssdd WRE PEMEOHRIENS offife Q@Sén??é%ﬂﬁlq@rey of the
present invention. Additionally, in an effort to

ovi de a conci se description of these exenplary
[0018] enth@ reris & crass-seelianal sevoef am exempiary ifla r@ﬁtartlratapewdance

B L

actual inplenmentation, as in any engi neering or design
[0019] pr dfIES. 1 3n16rare)ar$rd>§aed;mnaavlbm3ﬁené flbw rdletair of G, 12 in four
nust be Lr}gde to, achi eve the devel opers' specific

sequenyigaplages i PSRl i ance with systemrel ated and
busi ness-rel ated constraints, which nmay vary from one

[0020] Wﬂ*re@ﬁtﬁidcpt‘s be @WH&G&ep. E9YStion éénsﬁ?%ﬁgrﬁa@f-’rom the flow

appreci ated that su a devel opnment effort
meter efdnfl. R cunihgt flormarcohsid rHoWQancbtﬁvermﬂddri@v\erremwyelybe
a routine undertaking of design, fabrication, and

o021y TR & R8T Bk B30o s kg o e

valve otlIFé@eni sn®f vari ous enbodi rrents of the present
i nvention, the articles "a, " "an," "the, and "sai d"
are |ntende to nmean that there are one or
[0022] FIG. 20 is a flowchart depicting an exemplary valve- adjustment procedure in

accordance with an embodiment of the present technique.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

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

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



of the elenents. The ternms "conprising,” "including,"
and "having" are intended to be inclusive and nean

wo bas/osdies e may be additional el enents ot her tPEIFUS1908/052681
listed el ements. Moreover, 4he use of "top," "bottom"™
"above," "below, " and variations of these terns is
made for conveni ence, but does not require any

. particular aorientation of t co nents. [0025

speciie@rtisEs ey ot B duinukte SEVBRBST Soehilc adbisnsHEh as

compliaiéd WiR s§senerdiafld M EBlsinBsIPEaRRINRINstaRs ahith#&hay vary from
addresseS one or nore of the above-nenti oned

one implearrjabei sandthebnMeoneosaait sbaeldkeaapprecieded that such a

ceveloBFsP B oS R eReC e JRE! o FERbTnd s o 8y Bptess be o

routinen®icRiriakitf Stdesign, xiiitivad ahe Infamufadire RITahSs6Cooriay skill
onger periods of tinme and under a wi der variety

~over lor per
having de peRaiitofdhis disclesyreow met ers used in conventi onal
flow regulators. In some enbodi ments, the flow
[0024]" e%h@@%trd&l}éiﬁ’gee%%gdtg WF GShd ﬁ%%[)&ln?@ntg'o"f i grefsgﬁginvention,
forward control” of a valve, wthout using a nesSte
the artickeisV'a;”gas)’t‘theqi angd fsagdimrekinteoded dd nmearpthafthezg @r@aionedr more
el ow, flow regu] ators. exgrcising feed-forward contro
of the QEMBALS. LR 191 HEY COBTALIRHGrs ik A0 oV PaHGen e st to be

inclusivyf ahd Medn@B; Ese aBy 5 BHaitDhACe ERRARAEHE MU Hle listed
which typically reli'es on system constants that nay

elemenist Mageappn d use ef b “beitars,” cabpunetnadomswadwariations of
ese GBS} SEPLH ORSM B AP HEck ol AR tSiesusmeton o

the corfpohdiischemi cal -i nj ecti on managenent systemin a
protective fluid, such as oil, to reduce wear on

novi n? .conponents and potentially extend their useful .
[0025] fcé‘_?r ara qxamlau@m@m@e@%@mhﬁd@fegempvwm inclsigdg| asghemical-
oot g g SR RECL A By Ll by Bl it
inadegaggibs chtooventionsl ekgrhaahadediminowan&yement syadeimes Samge

these features in detai], aspects of a systemthat
embockRET Gy MEuEIe e RN EOU Ik BRT BS ARsguRAPD Bgetien oy meter.
which, 4554864 bbRY? HayFlcaid AL0I15 BRI PYRFBE A BRI under

extraction system at may | ncl ude
a widei artady lobganditionys thefneftave thatersassedl inCloniveniieal flomereguiptors. In

her ei naf t a "trege" a chemcal -injection .

some qraftdiide g (Bunfcabid iy BERIE R it St BRe giros Joect
forward EbmtpdI'AlFRIVE SRR LBIY 2Ab5RE vavd-Basilioniegted8back control

configured to extract hydrocarbons (e. ? , oil
loop. As explained below, flow regulators exercising feed-forward control of the valve
may remain accurate over longer periods of time than systems exercising feedback
control, which typically relies on system constants that may not be appropriate when
valve components have worn or other conditions have changed. Additionally, or
alternatively, some embodiments may immerse components of the chemical-injection
management system in a protective fluid, such as oil, to reduce wear on moving
components and potentially extend their useful life. To this end, some embodiments
may have a sealed housing to contain the protective fluid and a pressure equalizer to

reduce hydrostatic loads in subsea applications, as explained below. Prior to



and/ or natural gas). In some enbodi ments, the resource

extraction system 10 may be | and- based or di sposed a
waaisegsiiand/ or configured to extract or injeceCDUB®NS/052681

substances, such as those di scussed above. [0027] When

assenbled, the tree 14 may couple to the well 12 and

i nclude a vari ety of vaI ves fittings, and controls

addresy o GRee AR BCTE A7o0S < PG D=t RV e erion 5By 2

chemidalfhj¥@lorembRa§ehaat Systém é'?@%ééb%%eédf may pI ace the
chem cal -i nj eCti on nanagenent system 16 in fluid

comuni cation with the well 12. As expl ai ned bel ow, .
[0026]t he FdfFetidamicts sPevemplanmieagerekxtacioe sysemi) that may include

e el FRARIE SIS HSAYE 5, 055 B Sl S lrb AU o,

a cherrnealsmectumrvmana?wménttsbeteohem aredi al\[ajl\@:ﬂeceptawagel’ﬂhetlllustrated
system 16 nat with the val ve recePtacIe 18.
resourgq %Ié%crt@tne“d'Sthﬂé Octrshpe §P0HIGHIEd P &% rﬁﬁh@@@ﬁ%@f@@?%@ S oil

I
andlor uTRIGAD Yy 451 i b Ble B SN st 10 may e
land-basedrMigpesent & sybege reatdéal coetiigore) to enteadt ac enj@d.otidar

descrled IB reference, to FIGS. 5-8, the flow
substapees, SHEB S50 GISCHEF.RIBO® Mmonent s t hat reduce t he

|'i kelihood of the flow regulator 20 |osing accuracy

[0027] OV aN hbh BRseMbled, $I¢é1§r§§dl 4 Mag%ﬁﬁb@t@%é%eﬁl‘ @ané%cﬂ'ur@e a variety
11, the pressure equal i zer facilitate the

of valvesditiingse ﬂndfcoatrpis)ﬁoéepewélngl thedvellia.chhe sheeticalveigction

maneof R0 61 o BLLRPGOMRERE. 20 ) pace 1. T

tree 14dabiglacecthbeshepdibzicinRation Miaridyentdiebye®Im i Bjig Eliidddommunication
managenent system 16 are di scussed. [0029] Wth

with the é‘feer%cés esPlpined bQOan%ChQrﬁ@ahmt'ﬁﬁ MANAYSMERCHISERM 16
may bea@oﬁ’f éd ?@Feﬁlﬁgghé gﬁeIWFHa th‘}ﬁ % rgﬁ?g%gﬁ%d iAth the

nne ree |n
well 12The S|de mall 48 and end plates 46 and 52 nmay be nade
froma generally rigid, corrosion-resistant naterim
rical vol

100281 (15 218 B Spedinearionios o el CRpal QoA Haystem 16

mated WFthQHQ vfaf\/@"ﬁebBﬁtaﬁéj% WNS'I||[fS$I’3.'@&YQHQ chBfj¢dngectsimanagement
: be affixed (for "exanple,

systemﬁk@ o) inclode feeflaw @@uylalqr 2@8agmas3tu9 demabzer 22, aﬂacp;@mg 24, a
vee EA§ER EEGF) AR TRUb R HBRALTUAAERS bRk 58, ycosgrea n
referen®@®@toiMGISUEes, ah& epwiegultibd®0 Ridysinclude components that reduce the
likelihood of the flow regulator 20 losing accuracy over time. As discussed in reference
to FIGS. 10 and 11, the pressure equalizer 22 may facilitate the inclusion of a protective
fluid, which is believed to extend the life of moving components within the housing 24.
Prior to addressing these features in detail, other components of the chemical-injection
management system 16 are discussed.

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

54. The side wall 48 and end plates 46 and 52 may be made from a generally rigid,



58 and 60, a latch 62, an electrical connector 64, a

fluid-inlet connector 66, and a fluidoutlet connector
w@dosoesithe present enbodi nent, with the excepe¢CDDSWNS/052681

the key 56, the conponents ©f the tree interface 26

may be generally disposed within the tree-interface

shield 54. These conponents nay be configured to

.electrjcall ui and chani.cal | y. ou le the .
corrosighgRpstant mateis! A ek 460 GeanTiah: ingHEAl osme pith a
mrcular‘/bé’sé? OTR: @R AR CE YRS %ﬂtrﬁa? BxidM YGth\Be %ﬁfee\%@@fb%eyond the

as expl ained bel ow after discussing the

inner- eundiréamaﬁﬂe Dige hpodie150 may trRGaffiked é¢ior @es@m@ie wileldeca\)ciw the side wall

48 and{ 1] baPg & ekl sBrfe BRPuhREls méx il addfapalnanstes 5o.

a flared grip 72, slots 74 and 76, and a torque-tool

[0030]i nt/&r fleseatéd.byl FIG @rehereedntaeats 26theay R@bcﬂenwef/@se guide pins
be an APl 17D class 4 ROV interface.

58 and,(}q g‘ﬁﬁ%@%@mﬂ?ctﬁ@ab@@m 4% qfﬁédérd?EP@?ﬂP%@ra@% apsl a fluid-
outlet cUﬁ%eEfbrr%‘ée IhQRS pfdiehtt eﬂftgo(ﬂ?rﬁenw ﬁﬂt&/@aé&cgétlge ©BE HHEUK 56, the

pl'ed to a'torq on’an di spose
compomemﬂsm‘i tlneh treklinieefdicg Qngﬁgz b@rgbrmaldy djbpgsexywrthmruheardwlnterface

) t th | ot 74 2 ted b
shield $f. hce CHEPOERE SN B GaighteRbie gtRigaly S ATaHOY o
mechafall b8l rchéﬁnémmeeﬂ.mmbem& 4981613 WAshas 4 via

0, hreaded coupling 82, and™a cam
complelmeﬂktaty c@npheemtatocrhthezlalvm@cepacéa il 3nasexplaied below after

. co Wi | descri bed after discussing features
discusgfg LAY U‘éeﬁf%%eeg§ac|e 18. [0033] FIGS. 2 and 4
il ustrate the exenplary val ve receptacle 18. Starting

[0031]W tTThd ROV edridcs28l il 6dw behyedtriGed AwitH fegereaty &o FIGS 2 and 5.
receptacle 18 may include a fluid inlLet 86, a fluid

The '”Wtathq R&R/ inderfagened mayancigerprariuses 40, a Harasl grip Ag, slots 74 and
76, antﬁ FEEB‘IQEJ Ei‘éol i"ﬁté? caeyg Oty &HQ%%OJ%@H ?hé’fi {%@5@%%% may be

a va ve aper ure a va
an APIt1r7i§/clasp|4dR®S/ |ﬂzﬁa¢fac§heTh‘d ROV interédceBB3 meay kbmaaaa‘,hed td) the outer-

conduit, tube, i pe t is in fluid |cat
end pIgi g a1q &l eBeREge FBawhichadapio Gngul s cpuspd o a
torque *Pc?ol'&)’r‘ﬂ@r?h@ﬂ/ rﬁQ)‘ﬂbb pdd§e@ itHih She ﬂ%r %2 antl g n%raw

it, tube, e th I's in communicati o

symmeulmailytbmwaehlthaslotﬁ'ﬁé aEIIdeZﬁ rical connectl on 90 may

couple to a power source, a user input device, a

di s r Q
00321 3 Mys A K51, 5 ISR GREHA0 1 Bieed TR MR Bpebiitea to an
internal @6ePhRehanité tHat irtuddLs dlideshidiesh ey wagaddd abdplirtes2, and a
cam 84 that is linked to the latch 62. The operation of these components will be
described after discussing features of the valve receptacle 18.

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

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



val ve tray 102 may be configured to at |east roughly
align the chem cal -injecti on managenent system 16 to
wao bh@swedive receptacle 18 during an install ati oPCDUS100&052681
chem cal -i njecti on managengnht system 16. Specifically,
the valve support tray 102 may be configured to
support the chem cal -injection managenent system 16 as
fluid o%gggﬁl%gh%% éggpé& ﬁﬁggpq?rﬁélae Oogy@ﬁa ctgzr?mgn%a?on with the

well 121 Of él@Bﬁlda}’ccﬁ’f‘Pr%dtlbﬁ@d mﬁg%ﬁ Il a pBIVBEEO@Re, a user input
managenment system 1 urning to the features

device| & Higplayaad/dsya wsgemmontndﬂer vihe equantiegtfiecige IL8manype

contig iy EFue 38 eliPdecsfBlin T AT RS 13 kb4 and he

valve tielyela ingglbeceuniegiad toldBleast r@@@'ﬁlyﬁﬂ?ﬂttﬁéwhbhud:ﬁ ih J@bﬁén

connector 118, and a conpl enent ar | ui d- out | et

manageBiené sy eiem 26 to fhe vajue ﬁ?%@%ﬁ@'eé ingedt instakadien of the

cnemiSSIBAH RgfBteHEnPRAEFER ST el 305ER iy 02 may

be conﬁguyrekietﬁcsrmpﬁoguhe;dhémlelilmgecmrdmaelagemnt besteat th a2t sdides into
m t he cheni cal -inj ecti on mana em 16, an

the Va"t’%@péﬂﬁrrﬁ 2N t@?t‘i‘%’:’e%s ey bo?n%orl ‘?é? ééjec'é‘iﬁﬁ Grtﬁﬁfe‘e)’éf""ﬂy 94 10

rotatloﬁééla/rrﬁﬁgln‘éﬁhb%e%béi% B8N %r%{/@@{@&ﬁ gyg%‘l’ﬁq Bively.

y, the co | ement a I nl et connector
118 may be configured to fluidly couple the fluid
[0034] anetrnag tbdhe feattiras idustrated bydTice dt tre ye seceptage 18 may

incluaeG MR SHB Ll rdntip 1ot hnd ST ReCh ko] aPPt RSyt (3and 14,2
completmtéFyJéI@cméH dnrEiBrert®ra EdnpiEheeriyil idmnéEdhnector 118,
el ectrical connector 116 may be configured to

and a egralemepianyyiuidaptiet eanwestaschioli dalthe preasst emisimant fieese
compof DAL 5 U GRHECN SAEVEDS AEPLGEAR. Rl Bl e o8

and 110tendcthensioiad 06 nmjagcbte configeired) nalign arydite&ml\ﬂeﬁthwwdh%2 from the
secured to an ROV above or near the surface of

chemicgkEy@ction anagemantaysiem 1 %t%ﬁ@l@amfe@s%@rtu@ﬁé 1R@pd 114
may bdBInftdifEd w%\%eth%y#&é’ 54 BRd ‘Ef‘? Fe: N/é]ge%tdo‘ﬂnﬂ)nally, the

managenent system tree
complanhentaaf fhadtinlay ca@rBectdhel 82mayrtme/cmmﬁ@1red Itmﬁwdly couple the fluid

i o, b T S Sk BBl s bt 12
may bé@@rﬂlg‘iﬁ‘éd kdfIGiely PR RRIRIFBHuLRY 88 @@lﬁ@fll%yﬁftl@t bBﬁr‘i’ector 68.

he val ve aperture 100, as indicated by arrow 1
The commemaetary: aleqﬁ‘l@dtcoonemhé@;@m be genkgnred tm&mrlcally couple

the electrlcwfr’lconnector ! 0t§i1| e cﬁgmlc%I %ngctlao% r'ﬁ%%ab‘?%%n? system 16 to the

electrical connection 90.

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

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



cooperate with the chanfered apertures 112 and 114 to
further refine the alignnent of the chem cal-injection
worewagestent system 16. Wth further forward nOREES1008/052681
the latch 62 may be inserted through the slot 106 with
the aid of the lead in chanfers 108 and 110. [0036] To
formthe electrical and fluid connections, a torque

forward fif HEAVS BPSIHIS RO NeRs insicares Phariaw L2 hapihaghemical

injectiot hBhagdhenCsyBt&a- 16Tﬁ1%v6§%%r6&}ﬁetdtﬁ’cﬂbsﬂ?nts 88 and 60 may mate or
approximately the first 90 of rotat’on

cooperdig Witk ilag chanferad @pesiuses dh2 endtirid tbafuﬁhersrzzﬂneﬁbe a@hgnment of

the cheiftaHrBRA thfaadthsi Sl with ERR bolbidmpUEment, the

latch 6Reha\gbe indertddaardudghtheugdt tdBewkh Bie bof tAeI€dd POcmfers 108

rotation, the cam84 may generally cease transnmitting
and 11Pot ati on of the driveshaft 80, and the threaded

coupling 82 nay convert rotation of this draft 80 into

a l t
[0036]’ Td‘gf’?r‘n [hfeaeﬂ%ct@&értlloa{h fHiui lé\kxgbggnd?{) é%‘gﬁgde@‘ t%BI @?r r?eﬁﬁg)v may
then rorta;techhe tcorfqua’:toglnn’ezntacw?t& wihieh slaytroficié thé drimeshadfe80 within the

com oL CEEA PR AL PR Beciraisobiin e
drlvesHa'ﬂe8(§ e vGdtion BF B lafth G@Wﬁgﬁé@?oﬁm fthel@tdpg2 out of

gradual Ty translate forward, the electrical and
alignmentuwith denslet 1 %a@dwelmlyfmene@nngrihedatqh 62 fremAENgwylled back

B T i —
rotatior®bf ﬂiéedrf\)e@Waft%U bad Qlﬁe ﬂﬂewédj cBQWn’@%E’@W tdR@riviotdtion of this

reference to FI GS. illustrates the fl ow

draft 8¢ jeledingar fangiatinn er @uﬂtmgawf/atpe ﬂﬁifzh Perpask towardsolhei ipyising 24.
Howev%%tp%?ﬂs@tﬁ#_ﬁ&@?é! 4 Ut 5faél Wil ersef&uf(%f ﬂrmgglbeg;enerally

I'S acro |ona view O

preventdwtronﬂylobuag&mnﬂkmmedb bynthehealf/é wcemgclbaitaorAQme Iam 62 is pulled
is a diagrammatic representation of the f

backwqxfgﬁephe@enp:p@i 'ng?qt'PP iRANgesee BySITI1 &rpay I%WL@(UM{[WS(B!S'ate
f e o
forwarBEERE. dhoelic SRR LESEHE Afbrombl e pB1ed Pl PiheRov may
disengage frodethe chamicahidigedtiion I22nageentasysteri 6,6 and/edtum tb2Be
a valve drive 130, a flow nmeter 132, and a controller
surfacéiz4  as expl ai ned bel ow, the flow regul ator 20 may be
configured to regulate or control a flowparaneter,

[0037]SUFBASea ofhe MBIV regulai VR0 #ienod beRfsschibed witk referdnce to

vol une, and/or a nmass of
FIGS. 5-9. FIG. 5 illustrates the flow regulator 20 within a cutaway portion of the
housing 24, and a FIG. 6 illustrates the flow regulator 20 in isolation. FIG. 7 is a cross-
sectional view of a valve that may be employed in the flow regulator 20, and FIG. 8 is a
diagrammatic representation of the flow meter 20. FIG. 9 illustrates an exemplary flow

control process that may be executed by the flow regulator 20.

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

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



fluid flowing into the well 12. [0039] Features of the
exenpl ary val ve 128 are depicted in the

wee@ssodexti onal view of FIG 7. The val ve 123PeEYS2008/052681
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 needl e seat 140

pramdB, S35 A5 R4 55 0B BN (O, B mase o

fluid f|0t\,\y,,a@ﬁ4t§tt|eeg\m|qlggh t he body 136, as indicated by arrow
and may include a tapered tip 158 di sposed

general ly within the needl e seat 140. [0040] In . .
[0039] opdraatines, of dhe eueapiaty VRIVewW 3hatenderigiediiRdhe prasgdrastional view

of Fic oy P Yilte G Db IR it B AT Rer i 2R Bl seat

140, a aee@lleemz sedie 14} 1 46, arant 48| ahdlad oufléemaritsite 51342TrrmMustrated
moved as. i ndj cat ed by arrow 156 to control the

needler%ewﬂrrwgwc{q% Sharisod 182508 4 parwed Wi atty 154.' THe needle
142 m3Y bOCRANELIRE TRMESY BURCIER, (o SERIRRAEP Toé i nERE R oy arrow

156, arxkataylidfiudey teppeattiip 458 didpostt @eneeadlly wittyinitine neadie. seat 140.
Conversely, as the needl e 142 is driven into the body

100407 In g Al At AR i Trusichy e Ao 1s SREL s through

the neéiﬂ@ sbﬁﬁ 49, Qa\’Md ﬂ’é\ﬁ obhbpﬂﬁh/aﬂ\b‘@1 2@'tNr@uéﬁ%oﬁBM|tdQﬂr RARS- may be
is, the flowrate throu he val ve 128

COUp|e§é¢1§ea1uﬂ¢t gwnifelhtedl hWhe ll‘ﬂeﬁH% Pt maydie moveﬁ@sn@@l@a@d by

arrow 1§10 iHtret He' Aok 3&isTMioth ety P98V ASTRE rBelle RIS Ts

withdrawt b vedupWard® £ g beesed the tapbradf 8o @88 angl th@%afrl@Wed fluid
different flow rates. [0041] Returning to FIG 6, the

path 154 pliherngeste %@tv%Qjma«YeeXP@Odnﬁ'S}d theflowsate rﬁ‘ﬁf/dﬁc@gﬁﬁ a
Conver%ggf, %%;ih%ﬁ%ed%nm?lsc n%toS h%r@aypfﬁ@ovlﬁ@/ea RRWRRIAEs, the

ave a direct-curren
gap betvmeeratiteetapar@ﬂm%&zdnd thE nelrewtad ftuidypathr 194 ey decrease, and

erta n errb t he gearbox 162 in es a high
the ﬂo"b&%@rt roughd 5|vgﬁ/ fi@%, 8(5%3%6-+ hhat |§et§,e%ﬁjgy rege-tf,z,r%ughthe
valve 1%’8%5 %ﬁe@a@lg ‘chrre ganSQ\m‘ﬁ tﬁ@?ﬁb@!tf@%rﬁﬁhetn%@afe 142. The valve 128

corrpo nts 160 and 162 nay be imersed in an oil
may h&vid & sndown rrahmgr&a,teramaemleﬂuaetb b@d:dwand some embodiments may

vanta eous| an enviro d to reduce
inclucel NP8 AR Vs 58 it SRS S B ST G BB HeSr o
meter 132 may include a fluid inlet 166, a fluid
[0041]OUtRR&LIrrikB@ to AT, & the illustrated valve drive 130 may include a motor 160, a

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

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

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

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



measur enent signal path 170. In sone enbodi nents, the
flow neter 132 may be apositive-displacenent flow

woreien9siThat is, the flow neter 132 may be conf¢QuUSm®AS/052681
to directly neasure a flowipate or anount by sensing a
vol unme displaced by a fluid flow ng there-through. For
exanple, the flow neter 132 nay be configured to

st E A SR 4 o BB o T Bl Bt o

dlrectly\’r‘ﬁbﬁﬂiﬁfr% a fib& rﬁ@@ﬁém@ﬁnﬂw §éﬁ§iny al \iﬁ’!@t‘ﬁe@é(plﬁé‘étﬁb?b' filid flowing
deterni ne the vol une and mass of fluid flow ng

there- tlnn@elgb tFor e@xgmplewritie flow m@tﬂ;re1r320ma|9r®tee¢cmﬂlgumdﬂ@e@epeure the

votumd o B8 TPty OB AR P hAFERE e, meterea

vqumetshfmtghumb@r §ﬂﬁ%t@r@’@qld>llm’ﬂé§ Payt é@érbw\déﬁminel% VBYme and/or
| ude a piston and cylinder "assenbly peristaltic

mass qﬂélwdcf@WIagrtbe@rghrm a«l?@ltt@e nugbgrAf r@@tsredwwlémeSaoer unit time

may o3R58l AU B ARGt B TBLEDL EIRIA Vg nere

throughaq lragoe elﬁlﬁbdmen%}@hdflow?rﬁ@tel 132anay tiilude a pisien Bhdwylinder
ter 132 enerallg free of beFrln s and

assemBIé( n@é P&r'ﬁﬁﬁ'%é‘?ﬂ'%l 3 (PlRRYsY WteterAﬁc‘HV@ gRali Mpter f veggy meter,
and/or STHRASABAR méiae ﬁ'hﬁ‘ﬁom%%f r'?ﬁ%i{/ tﬁgeraaﬁﬁﬁdi\)gr? ratio greater

pressures greater than the B
than orQ@quai to 1pOO43pOAd\7@ﬁt1ag>ed0@Dy1 Ehep)ﬂemmewrdegphaycbe@merally

free of E)Iregrévné%ggé grergégaﬁ@g‘g\%igﬁiggl f,r%&%i:%rﬁt;ﬁbga/cﬁ%pqilgg PeIh me embodlments
the floﬁ%étéﬁ‘FSQ Wdy b ratadifet p(re@fsu@sfg‘rééférr‘tthéryﬂfé% R§| ﬁbLNsP'S15 ksi, or
Because the "positive-di splacenent flow neter

20 ksi.measures flow rates and/or volunes directly (rat her
than inferring flow rates and volunes from a

[0043] O AKIAA J%R} |tﬁ%78|s§Fa{ESFne%'ﬂ§W%8{er #Qxf‘ﬂﬁlt leg it

pressure across an-0 rce pl and

over Iohg©epods fof umedaesgzl evernsyVierdllyears)adrel mayenaihfEn aeyutaey with a
ect to fewer sources of error_and nay be easier to

varlety@ép%fiﬁfgﬂiétypﬁgﬁf Beider I?teﬁ:)\g§e dre PP%‘\W’ %@t@ﬂ%cemm{;éw mqtqr 132
measui%@“@’c}\)g rR8 s RSt \; eé 'Ejlrgf:\'x Lrg éﬁlngtfp‘%\f rét¥§’§ﬁij

ow neters ma as a ferentia
volumeasr fess eorfdzlatmrm*be&veer[ me]otﬁéreparamatm lsach A34resgure drop

across ayoTliee et SR ToW Eio B HasTr Ao e e h o ol Rt 132 may

be subfe%f ) fe@véT%%%réésodY ér?ér%n@m‘é?'bé”@as@rr to%d?’%?a?te@ﬁéﬁ@tt@ﬂ t?’pes of
ignal fromthe flow neter 132. The controll

flow m@uessa bleweueaf, iitgghasdd be nosedthat én othect@mbaﬁlmen@ @iherrtyrp@s of flow
meters? may %8 m&%yggestu%rhsasbg%ﬁpergrr?tiat1l rE)(?essure flow meter.

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



signal fromthe flow neter 132 by signaling the notor

160 to adjust the position of the needle 142. To this
wepag/oodie3 control l er 134 may i ncl ude software BCTUS2008/052681

circuitry configured to exacute a control routine,

such as a proportional-integral-differenti al

(PID control routine. In sone enbodi ments t he contr ol

ontrolﬁaﬁttér:]en ig*gan%g relgrgogcf imeg fpe?p]gnﬁgatgqyoggrﬂe gpdion glaigesaseé) on the

signal FOMRHE SloheR@adt BoRadl, Wa stb%“lﬁ]mgh@){ 874 r @nother computer-
di agrammatic representation of the flow regulator 20.

readabf anediuig. wi t h t he connections configured to convey
fluids, the fluid-inlet connector 66 nay be fluidly

oIS 8 B A Bk P e O 816360 B v
the corireetivas ¢enfligiFetay cbavéy ﬂlwdbythedumﬂ-ﬂdett @Drtri@@tdrlﬁﬁ shay be fluidly
inlet 166 of the flow neter y the f

coupleg g i 1raaded i ANy a2 UMt 1855 Tire fiWg outet
manlfoH ﬁf?b BEHE v e%\g 158 Fud @gfc@ é’?L?:dJ@(EPIt@%et I‘Hﬂ{jr\?sy 66 of the flow

out | connect’or id condu
meter dTu‘rSﬁ hgthmflmld@ondnmeénl d’rck:htmmﬂlyghhee‘mld outtenh@syof the flow meter
[or contr ol

132 mayone ABRheroupiad I i e Pt cyat 68 Bidiid enait 126. Turing

to the édrﬁ‘é(cﬂ@rﬁ@&oﬂﬁg%rgd térﬁéﬁ\wé)ﬁlﬁ?&ha‘%l'oﬁn%tap%B/&&n%%bﬁals the
he valve drive 130 by control signal path

controIled|314| roaybeycommenicativelypicobepletida theizlowemeter 132 by measurement

. C i cat|vel oupl.ed t he ctrl conhnegt or. 6
signal G Bl AR X Bl BOFE 4ol "BalieB e lBon AL bdliofdy. e
controlfe?ﬁ@ﬂfrﬁ_&% gétcromhum@aﬁv&y eBupledandhé elecicdebhRe®br 64 for

ower e needl e 142 nechanically |links the valve

commueationIwth QR CRERRTIONES abiBe (EBOUGE axiashien system 10 gad for a

sourcefcqcf urbltog\fgfrl q*he]rﬁedéd@)f@)ﬁ?écﬂa?ﬁcafllg?ﬂf@ﬁ% 9%85 r(]?lk/e 358 and the valve

1 ow t hrough oW r
128. controller 134 may transmt a control signal to the
val ve drive 130. The content of the control signal may
be determ ne

d on, a ar i son bet
(004617} 401 par et e bR E0Ier d 0 e Brcisd TogHbAgk 0 g uid flow
throug%@ﬂéqggglgﬁ?\fgoun‘?ne Sént?olfé‘?si%)ﬂf rﬂ&f}‘ﬁﬁﬁ?ﬁltbaycérﬁ‘t?olf il to the

desired val ue Oow par anet e
valve drige 1i30st Breceontiefit ofntdaemmltnobslgeal may dedatermines hyhar based on, a

compal i bLEUET Sg HHFATS 41 MR Bl 25 28 Tow e
volumes io@Bahat§lemeatireddy e be%prﬁe‘t’eN\’I 32h§|ﬁ(§1¥§l dé%ﬁeﬂ%‘lﬂeeofl%% flow

sone distance. In response, t he not or E(/D@t rive
parametre feainstancesi thgﬁantrhléerg1é:‘drcﬂﬁiﬁrrm@23ﬁﬁ§:t tb@rf fate through the

flow reélﬁ’lﬁ?c}r é?)nglIe@t‘ﬁ%ﬁefaeémeod‘qlé\n?ate, the controller 134 may signal the valve

drive 130 to withdraw the needle 142 some distance. In response, the motor 160 may
drive the gearbox 162, and the gearbox 162 may convert rotational movement from the
motor 160 into linear translation of the needle 142. As a result, in some embodiments,
the flow rate through the valve 128 may increase as the gap between the tapered tip
158 of the needle 142 and the narrowed fluid path 154 of the needle seat 140
increases. Alternatively, if the controller 134 determines that the flow rate (or other flow
parameter) through the flow regulator 20 is greater than a desired flow rate (or other



notor 160 into linear translation of the needle 142.
As a result, in sonme enbodi nents, the flowrate

wao boosig113 he val ve 128 may i ncrease as the gapP@BEUS®E$1052681
the tapered tip 158 of theimeedl e 142 and the narrowed
fluid path 154 of the needl e seat 140 increases.
Alternatively, if the controller 134 determ nes that

flow payglar Lo apBroRty {44 Geuadia i S e ot Be aeedte
142 soﬁ@d@ia'h%éﬂht%%@%ﬂi@ﬁ% Jtheldd p“o@é’ﬁtfa‘?lwc%rcréé’s‘?ng‘"ﬁié flow rate. In

signal the valve drive 130 t0 drive fhe needl®e
other was@re, e Soairolie hibmayesigraliee vage drrv@r*ea@tog@p@mtheanegdle 142

some iSEbFEBREa b |f Ml hier RoSdBY M BIPH RS 198 rove

the needl e 142 sone di stance based on a fl ow paraneter

[0047]s eﬁl&edoﬂityoltth@ flowqyararicesr, 2contfder i 3Fangpbkémreise fleedback
flow parameter, the controller 134 may exercise
and/orf%%m@r%ﬁqml of Ry valye v cht F @ indlancaenaam@ embodiments,

the corffchisF 1% dhai Bépeheea BRGE fecdbatl SN Z8 MR Tuaibaite 968
correlatdsawith sthie nbisdzini cwfethefneedre 4. r Usigetbewdrivi, feediieack signal 175, the
i.tion of the needle 142. Usi t he dr fee
controly g May Exeiie BEApRGk Fartalayehdye BRuien SEMeReeler 42 That
is, the 86’rﬂF6IFé|r 1@34%a)‘/ Q@ncﬂ’@sddrﬂr%ﬂs%ﬁaF 64 hRM Get%ﬁ%me-a‘%ft Iéa%t in part,
he control | send a control signal 164
by a cqrsparaoarbﬁtween the drleaieedbaqhamgnal By Seancbaplasired needle position.

het ween .t he drive f ck sj 7 and desir
The dedEkilRERdls Fodidn Py a8 uieiBln Hls2hal i apbEE retationship
stored ﬁﬁﬁr@hﬁﬁr?&?ﬁhaﬁcdr@@b@s rRsEdid besitioaNdhoTow edtatth@ghi tRe valve
stored in nenory 174 that correl ates needle position

128. Bmkadimesis @@P@Wﬂﬂ tﬁ@@haﬁhéomﬁ@wem@th HebpeEithekthe needle 142
and thet@ﬂ‘g\;vg%ﬂegl jﬁggﬁg ct%%%cgt &véaé %% g%@bg 4 Hgstgg%oh r8PI08[) eg.,a

feedbach @oatrbleloop ewkea&ohtawar@ canmeliihgthe naddlel pdsﬂm, nested within a
dback control loop directed toward controlling the

feedbaﬁ%@BPEOH%PQ'réﬁteﬁ'eté’t'\’@did%\mm#?i“%g theclipu PrramBaterol | oop
directed towards controlling the flow paraneter.

[0048] | OW?W&%ﬁﬁ r‘?ﬁ%ztn%t TRYudOh el i 'Ftﬁﬁi Stdmax employ a

ntrol 1oop or may enploy a nested control [oop i
nestedroongol ioviptied IfnaEEhllmﬁed Faghioms Fanimsianoe, soseme embodiments, the
the ¢ 49 ler

conto 1138 AR RLed 28l B Tl P B et el
dlsregaﬁﬂj5’1ﬁ@ﬁi?ﬂ/éj fé K] s\r’@nél qgdbag lEzeﬁtb&iﬂé‘ﬂnb@)@ﬁnedtﬁ herdontdller 134
enbodi nents, the controller 134 nmay exercise

may exeé@aeff@edmfanfwa&ﬁamml iesthe pesiper iof thennegdie Hé2neltds, the
controlﬂe?‘%%ﬂrﬂ%% Rjafﬁsm trbg)n@@ %lgﬂlalrf Aé E‘oi%r(g%\éée gﬁg% ‘Pgb b%%% ro%l 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



di fference between a desired flow paraneter val ue and
a neasured fl ow paraneter value, regardl ess of a
weeoseeiiiposi ti on of the needl e 142. I n ot her MMOF/US2008/052681
some enbodi nents may not raby on a stored correl ation
bet ween needl e position and flow rate through the
val ve 128. For instance, in operation, the controller
... 134 may determ ne that the current Iurret
positiop 3 118 He<sllg A rebree Biatarietu BrismosmESciBgals, facdiioter 134
may déiéﬁhlh@%‘é%é’t&ﬂ&é '\AﬁthBlJPVé 24 o ﬁféjcuﬁéhtrpﬁ)%ﬂw th8ingeale 142.
he val ve drive 130 to shift theposition of the needle
142 sone di stance. In sonme enbodi nents, the controller
[0049] 1 3 Aduaptagacush, eakadidentsswiiew amwt@dtconafgblpeptr@ay gentrol flow
I , .
peram L B RESELAY ofbe AR Bt Sd B Bhar  gigorperew o

curcumbt@ﬂpemmwnwmlnoﬁhmysmﬁanaeeaas@ebmea@ﬂbo@hﬁérus dmefot rely on
a | onger perjod of tine and under a wi der variety

of
a corre@tmbp@wgﬁ@ége PRENOB Gh iR Deeds 1 @y%’i%?r@owg@é%\ﬂg @U%ﬁ@ valve
t
128, th% &9 H@%@re@ﬁbﬂ%@g B& Y. c%;ofgcnr%%ghfq ra rgset W’ﬁ%&iﬁ?ﬁ the
tapered/ap\ilé8]c28he neeglentdp bethmnaarravmém{dmdl prath hé4fcﬁ¢lee ofaedle seat 140
con or_exanpl e red tip 158
may wgi 4 (e RnshRupPBUSa pPEPD it e85 and the
flow rafehl%rél?éﬁjih% v 1240 iRy MnW&@%%&@%rror when exercising
rel ati'onshi p between the position of the needle 142
feedbagk dontiel ¢fltheypositientditbegrediee! 42a1 Mesa2g cirQuimktaacenalivigeerror

oul d introduce .error N.. eXer ci sin ack contro
could fiaridss BelBEbG R iieds, SRlur s st e eN reBlRhé20. In
contragt! EMBBBINAEHIE vithiolit 8 rifsted c@ﬂk&l%@*@fﬁr%ﬁﬁothhg the posmon of the
responsi veness, stability, or accuracy of t

needleridgunay ¢ aftectechlassityrtasse SeHIReSi HH@IGE. wi t hout a
nested control loop for controlling the position of

th
10050] . F12811s & A o it il B inBRy Mbwi 2R PRYKeRES76. The
flow coatrehpioeygs fll76wnapirctuae anetﬂlgmnﬂ@ a Tlow gdrametamdfreoflow through

ocess 176 may. . i cludedrect sensi ng a, fl ow
a wellhBgASit & POSKVE CHRIFA TR BAY GIET FRaBECEtHPBI0CK 178, and

adjustlﬁgﬁﬁifldﬁg‘é‘rélﬁb% BH ol & ﬁﬁ@ f6m @2 ddéﬁl\/%atﬂlgﬁlagé!ment flow

st| ng t | ow parameter based on a
meter, gisglepictéd bynkidrk ‘p&ﬂsl Apljustiag s Howrpenametesvmay iretydeasartially or
ustl ng

entirely SR inG o, Aoshie & VAo ro U g B eh A ob e e cantrol

over théalegfe®Yo RRRINCthaivalyd iBesHeatlr @psepr fee- forvvar d
control over the degree to which the valve is open or

osed. [0051] The exenplary flow control process 176
[0051] rrayTheegmmpl,aﬁy Hew gonyrel procepid 6 dbax Fesult in relatively robust control

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

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



of the flow paraneter over |ong periods of tine. As

di scussed above, certain positivedi splacenent flow
woreienssiay e bel i eved to have inproved reliabi | P€TUS2008/052681

(i.e., inproved accuracy on4precision over tine)

because they neasure flow directly rather than infer

flowrate froma correlation betvveen sonme ot her

. aranmeter (such as sur.e dr r|f

which BEBINE 2 0per) Qv PSRCD (O &l igashadiaatyesied fredbickiconiobal valve

p03|t|oH)E‘|*n ?%é%bu@ﬁarﬁd’%é‘ﬁon@% tbRPBAGES HEtHO IARINGRD hetwieBA flow rate
rel ati onshi p between the paraneter and flow rate.

and valvgrpasdion. enbodi ment s that do not exerci se feedback
control over the degree towhich the valve is open or
cl

[0052] Qﬁtgw?;\r/ g F;[%rgetstéﬁﬁétchem %ﬁ?ﬁje%mfh%%gfgrggggg%get\%gpté?rllay tend to

extenddtlsar@ml lifes) FbEemhpte essiipg be FY&es, dn mnenicat‘es1a@fothe housing 24
val ve position. [0052] O her features of th

may beFaialAPL FSHP%@N'%JH/ %H@b{éﬂ'@ﬁtw'ﬂy§PéW?Q%V%Wdt1c§?d spgh as ail. In
some %ﬁﬁ&ﬂ%én‘ts?‘ tHé?fréf% QVef ?wdﬁ%r g'Hélﬁy 519“0” rrB?I t&d\aq%geously,

an I ntéri the ing e parti
the protectivebkichm82 ahdyyluericateednd/ i ﬂehddomedlhneawpaobe«:brrmnents inside
182

the ho%qlirg(ig gét syEh @ql;JEhh g@\@gh%gﬁogéﬁﬁggm:@pgi g@g%%ggfcgﬁpling 82, and/or
the vaIMHﬂVé 3860US] Mairlthi SRR desdd Whtbr b3d tﬁ@Bbrbt‘éEfN/&ﬁ&l%l 182,

/or tend to reduce wear on conponents 1nsid
the houmm@ PAgn2ytbe subhtaatalhwathriighis Hafaonm)$utnisea@@pi|@mt|ortshe
t hreaded co

differericl B GR HHrkBn e pROEERLR AUIF 152 A1 St sed Water may

exert afHydir6stA82 loddéh freusé NG 24 may deeluss bisit addd, ahé ¥hemical-injection
watertight. In sone sub-sea applications, a difference

managemept sysiere 16 atayanludee prasseta eqealizer Pa. 182 and
surroundi ng sea water may exert a hydrostatic |oad on

[0053]t hq:éb‘?b'r%srkﬂ tké ex-erf?\pfa‘?g gﬁ&séd?{a %q')L/JQﬁ’ijem %\‘f&lll now b be described with

em cal-injection gemen
referermeetesﬁJiGéS eqaailﬁ)zmd 22. AsOlisdtatéc by iES. @fartdw@, the pressure of

equaliz\;\e,irzgpI Sy . sg&%gﬁe al@éf&r%%g%a&mﬂﬁ%gi@ge%ﬁgp?ggsure
equaliZek '22%5?b§%n@’n\ﬁ/b@rnt@tf?enﬁo@slné ba fFHrﬁ?tﬁé‘ Bte?lend 8olate 46. Some
equal | zer may | nclude one or nore ders 184 and

embodimentsmay r8ideThe?, [, s Supe mege dlddaers. 22 may extend
invvard into the housing 24 fromthe outer-end plate

[0054] Fééb 'T§ d@g‘f%%%%iﬁsn%@o%%wg %fstp% aetxggnpiar‘y presgure equalizer

22. Th@ftﬂé@déreﬂM 92§ bevinge @f at rleemeﬁear@dj/ar Wapérﬁgﬁwmetenal such as
equal i zer 22. The bl adder 184 naéﬂ e made of

rubber ;ReINrEBRL ViRYIdPOsiligRA%r T g Riadeer dBrdnay bave a@nerally cylindrical
shape and couple to the fitting 186 at one end.

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

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



rubber, neoprene, vinyl, or silicone. The bl adder 184
may have a generally cylindrical shape and couple to

wo b@sfotitd ng 186 at one end. [0055] The il | ustPEX/E82008/052681
fitting 186 may include a water inlet 188, sealing
menbers 190 and 192, and an Oring seat 194. The water
inlet 188 may extend through the fitting 186 and

ovi.de f i.nto the bladder 184.
some d2pE el e 0T oyl Ok Aere S0 cobberastoy
complé‘rhér‘itbﬂgth@@ds dhéns Baler R dRaRe6 49d oRAthFeddelith it @fdposed
may cooperate wth an aperture in the outer-en

OUtSIdeQJfath@ ager-endplaie 46t he fitting 186 to the outer-end

plate 46 and forma generally watertight seal with the

out r . i t i tti ,
[0056] ng%?ﬂ 02"{ :%ee p%@g%é&@g@?@%%é’f g&énzj tvc\)/i r{éﬁuf)éta diftérence in
pressu@b@ﬂm'nm@rprotdmtue@ﬂaudo‘rez hed sutreunding watat preﬂs@uﬁendme forces

a threaded nut disposed outside of the quter-end

from SW@Ur[mﬁﬂatqrrpréﬁ%Wﬁtqere Q'ﬁ@dﬁr@sﬁrreed%ﬂg@ﬂ byearrg\gs ﬁ'§§ in FIG.
10, and [‘ﬂ?edfo??t?b{/ fzg@“tﬁeg) %%%Iran UL r:d(?)%c?][ 989%%%%{% by arrows

rotec | ul ing mater pressur
198. If'fthe waiecpesbumm %Jrsrgmabbrrtt;amﬂeeprqsseacsufrt@ecmotdwve fluid 198,
cted by arrows 196

8 de
the bladf@ 15 iy PRsEt 1Bl S Q9N P Oe oriae A eleBeve Tuicr 18 &
increaskShedrBsélrbUsier &itiRe g?dte%wé’ﬂﬁldl@z thdreb ?oﬁt%’lly reducing the

pressure 196 is greater than the pressur
pressupg diffecentiaé 1 sore Eadyodiments, el protesiventiyid d8gamay be

substaﬁﬁaﬂ(vﬁég@ Brascfhie 866n® Duichy RBRLRy BRIk ohett g TREs rather
than ext C{g@.g@br@dguyeredum ng the pressure
|fferen In some enbodi ments, the protective

uid 182 may be substantially inconpressible and the

[0057]bl aeRIBe erHpdi Nk mﬁwncrlyde PHIRS HYReROf yEsBUERGURIIZEI$a?R, Such
[
as a piAUIhILOMITh £ &PLER YA T I RES ComRToATHARIEEHE Brotective
fluid 182uaid asrraundisg seawammmsw'ecm\rmoppmrﬂei sides ot fhl@tplSlS)nl nin
onmuni cati on V\Athtgg gr vef ui d 82 ((le .
a”OtheEG?(%‘lE’fﬁj ithfg) PERSSWER EAURITSF e<fBeY | éﬁ)ﬁé@?' '%ntﬁr s 69' portion

of the Hdl% rEQ/Q& Pt |é Bo F@Jr@lrto %?@m fdrbe tcpﬂ?esét‘dfté‘ct%%hd 485.

i ncl esi |1 ent or ess rigid portion of
the hou3|ng 24 that is configured to transmt a force
[0058]t o Fifve 1pritusitates anfexemplarg presaosgiqualizationprocess 200. The

proceshigBS Rl B SSAN) Al B R Ao BB R0 PALRERA by
block 2821 ah8r FéQuBiNG bre s 88 HifferenBsl bardiceates waler pressure and the
pressure of a protective fluid by transmitting the force to the protective fluid, as indicated
by block 204. Reducing the pressure differential may include substantially eliminating
the pressure differential or substantially reducing the magnitude of the pressure
differential. In some land based applications, the process 200 may include receiving a
force arising from air pressure and transmitting the force to the protective fluid.

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

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



bl ock 202, and/or reducing a pressure differenti al

bet ween the water pressure and the pressure of a
w@eosegtiiye fluid by transmtting the force toPCHES2008/052681

protective fluid, as indicased by block 204. Reduci ng

the pressure differential may include substantially

elimnating the pressure differential or substantially

reducrn t he res e differential
are pogifir Srshrisiana)acieas Jisn fhe 106 sR6 8 T2 i BpedSay il everse
fluid fldwGbssEcthBRei Ving a force arising fromair pressure

and transm’tting the force to the protective fluid.

[0059] FIGS. 12-1 8 illustrate details of the flow
[0060] netTarningZo G127 the fiow matek $382 s1ayonaiudeiaiewear éssembly 206 and

an uppepﬁséerﬂw %8err&éfowe%'h%sé %?)éﬁé)’ rfrn?[lﬁie bod 10 having

cr 082885 5h op” VI'eéws prcti
mountsl322 and 2dgadhid-iletstagage G 60 peiuid-oatiet rb?is@agémandnd a
18are position sensor signal traces fromthe flow
meterlrggaggﬁerﬂlgly raceRiagierterdsd: d and reverse fluid flow,
respectively. [0060] Turning to FIG 12, the flow
(00611 T3le R oS S T o QB PR AT Y o 2R RfheRlign pytinial
volumeaamad iguge aChambandaseBi2s axolsr ZﬁZﬂd apdBacap a26. A generally right

cyincrigat BB sad SRS aine bluin dhaabetpsin, 227 GBRfins hlbr 224
may bd"8ispbs&d wpFeiRel changsetizc! i@ tﬁ@%haﬁrbe@%@é@zlzymdwarsberncrude a
ari ht cylindrical volune and house a chanber base

center post h@vrag apgenerafyciscudapnpgerace Yehandrlfin 23 twhich is visible

n FIGS 765 P8 ot sk e BoMBel BPE e e i R 28heona the
inner r&dwRBE 26 géﬁeﬂahﬁ c@h@@u’qﬁb a*h@l&@ta&%ﬁlanyiﬁsﬁhmtrl@Cﬂ'blé&lurd -inlet

a center post. 230 havi ng %enerall circul ar inner
passagesgts ang tféﬁrﬁu'g qytiet @@333%‘1? & may exteng throughthesghambper base

229 10 %Oesgﬁ%ggg obe %{ﬁﬁ?ﬁrﬁ@a’rn He g@_arrber 228, the center

e I nner race 2 may be generally
concentric and rotationally asymmetric. The
[0062]f | ulites rorhd>re224oaﬁas,/agelude Botoprdise B84.fd siddwall tA36t a@,s's@s,ag'@mber

238, arith 3 AGTeS 240° dsp e DIt G4 HER TGIuckes Crgbae S4banich is
visible [MPFRES 2124 1 HHYI'He%Eld:ﬁ‘& 234 %;ﬂhaﬁfe ggéneﬁhn?ldﬂ@m@r lshg @w.th the

a gui de a magnet | 50, the ro
exception Gf4herggni slot 24, end:rdneu sitlewalp236 may bave 8 gernerajlyecwhndrlcal-

rouiareqtBe AR e BT R S theTRoASY Raf. ZRRSIBe Yapgyoer 208

may ber8¢ehbealyiritgiallind Bl rsmibemBapisapimeially doncentric with both the
srdewall%/ |2li‘agdarnldct?1lettg€ dlrs%r234

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

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



shape that extends fromthe bottomof the top disc

234. The gui de nenber 238 may be a generally right
w@yiosneRiixal nmenber that is generally concent rPCT/vb1008/052681

both the sidewalls 236 andithe top disc 234. [0063]

The upper housing 208 may include a body 244, an outer

seal 246, an inner seal 248, and a position sensor

ovot RGBSR SRS S AR R o 20 may

bias thé %@ﬂ@é%b@ﬁt@@o QHG’ 2%5% a8 pOBIOH SeREG sTHD 8P 254,
spri n_gfs 264 and 6, posi tion signal paths 268 and

respectivaly. The pasdian ﬁgnaleo&tbss 368 @ngs2Y Cam@y oM meicavelp eguple to the

posiof 435552 1) 281 85be AP =, DL, TLY S1 ches, o

of the rotor 242. Advantageously, the two position

[0064] s e’y sosihicn adtlstsL5@esncd2 B hidsy e gosidemsy such tHae eventagnet
t hat one of the _&géiti on sensors_252 or 254 fails. The

240 pagpRs HEderRRC PR IBYE SARSP 5% 2sANhe54 eRse AURDA wesh Ly eleLfdhe rotor
224, Ir?-@gmég—ﬁhﬁ (fjlrﬁel?%ﬁﬂég@%ﬁi?g%@@?%%?@@%fﬁ@@gég‘%ned gt,8 phase shift

respective and
272 (semlf|@BnMRmMbL ahead of theopgeiton eendor Abdswith orspeeh soihe @ik of the

rotor 284 TH3in5 UhorqIBeEed BRAESHUNN EF e REeh AghanHeane! 240

does n8ﬁ|§§§§u Hetahe %%ﬁmﬂ%%n%b%@% BRQ54%4 tREasRAiIRBC Advantages of
during each cycle of the rotor 224. In sone

variousemiaguitn@es ef phase $mf=.t i272@re siessoiped balowaip reéerpose té 6Had .17 and

o PSR BT B T ) o o

rotor 224. That is, as the rotor 224 noves within the

[0065] CheHTEe. 13266 mUhﬁat@f@oetsta@é@ ol eesycldf thasdtaredal ThHemovement
position sensors 252 and 254 at the sane tine

of the TRy AA%IEaY BETONVAN B3 CHigyANee MU PabEEe befiveen thepfluid inlet
216 anartﬁe ‘#Iﬁg)géutpaef%%e'ﬂﬁéeﬁn%véﬁfeﬁ Sf‘ﬁ%f Fot%r':iﬁsnas Bgtthaé‘firj;}églatlon

scribin operation o
compohé@lﬁéﬁjd Elr@tlom&ompﬁ)ndnlt uShe atamsfation congueendimay log gluieed by
of the yrotor 224, The novenent of the rotor_224 be
the MOUPMGBRORGUIRE e IBPLASR BoUTT] (ednpe bRSa Ao ot Haddn ecanter of

the rotdd 28 Anid ?'t?a‘ﬁcez%éﬁc@&ﬂ t'PledL]‘rr@'S bot%yc‘?é. ?hé?os-ﬂ&ﬁ of the rotor 224

nMovenen eroto 224 a transl ation
within therqwutanunrmrdaae Qaeanaybe tbempen émas amotortarghs, | with arB60° shift in

rotor aﬂ@npone ncgilr be ﬁweg %lnah glggggpez@éo nf%%égtAP@e $3{pe time the

rotor 2848 Hafklafds, the rdt@F 9p4 234t BPAbdUt dC€orRa bt fditt 274, Riidte it contacts
during each cycle. The position of the rotor 224

the fin 233. In other words, as the rotor 224 translates through the path defined by the

inner race 232, the fin 233 shifts the angular position of the rotor 224 relative to the

body 210.

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

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



within the circular inner race 232 maybe referred to

as a rotor angle, with a 360 shift in rotor angle
w@eeengdihy corresponding to a cycle of the rotPCT/B2008/052681

At the sane tinme the rotor 1224 transl ates, the rotor

224 rotates about a contact point 274, where it

contacts the fin 233. In other words, as the rotor 224

posiio §3REY P S5a Bt MRS BB ASth S B b S ne ot
224 ha‘s%@Fed@‘hrﬁ@H?ém & deferhiiee ROt al AhidOBeGbtdrac |§Y:?blﬁwg By

the rotor 224 may convey a discrete quantltﬁ
multlplw by tire: nombier of aygles eouniedfang teidiseretequantity of Heidfaanvayed

with esBlicyFle, ¢ EomeSlie gl sy Beralingd KRN ¥l Bhatif tarpuon the

flow m&tensap. Zhdilamng b%Bﬁaulthg #fe aité es Which theeopsr g4 |§f¢ycllng and
sensors 252 and ‘254 nmay transnit a position senso

the quayitign af fled qonueyrss With @Rchi Qyista, tRRIEARIIES 1§,4dngygieterm|ne a flow
rate thiofRATR KNG horclBooont rol Ter 434 may recel ve

t1ron sensor signals and count themto determ ne
the nunber of times that the rotor 224 has cycl ed or
[0067]t | FHGShdm darad ﬁ&depi«:’t pesitibe seaser signaksiduiningHerwartddiui® fidw and

reverse By . dRpedivel bt UPGuR o) 2af pbars LosRvepedl the

posﬂmM‘"sts@r%%?é(ﬁd 854 tihe FRRIINddrRbra 842 '&ﬁkﬂ ot r%é?‘tr%‘ﬁsﬁwlt a signal
quantity of flurd passing through the flow ne

indicatiggrthatatheymagyetradQ isgiroximpte iee sensoradSamn 2.t he rot or
224 is cycling and the quantity of fluid conveyed wth

roose1 72 theffaion’ LT Pl il b Uiy ke Bl EoaEnd jhe Jfipals from

the posiortlepn$drs P82 drichP5 4 e sidie @ts@rtﬂlfﬁrvwb,rdlfmm flowyaesicledusydFIG. 17,
flow and reverse fluid fl ow, resgectlvel Each ti ne

position gen$eyt 22 meéd§§é§am@40@ﬁerd efpler BgéltﬁV@HS 6EQ1eaT 8
relatlvegfgrﬁ%w?t%?%n létdo% 10?1%@?}%5? 2552 IRBEhe? 3 %ggythe phase shift

ica gnet
272 bepweon thet nosltrcm semms 2822y 252454pp{eé)@68]atﬁblg gihalecni contrast, the
be det er m ned

phase §high b W aTes 9% ¢4%m CBBRESH BY 58 Mncamitbars efatively large.
That |sCﬂT°eepc9§|tlcfrP§éY?§di’ el hsbk oM n?‘&’g‘?ie‘?@ﬂ@ der M&otdr 224 travels over

t1on sensor 252 senses the magnet 240 after
a relatlr/elydxargzzmtctrramg& sThs.dagletermioé dné déegtlcmmﬂ fluid cﬂt)wr the controller

a e fromthe sensor n_other words
134 mf HeBr PR B 772, I BER R 27els Rl B Sige value.
e.g., 18Mdegldsapinaans dontraliév el mayaidierrhiRetRat thasluid isw is in the
phase shift 272 in the reverse flow case, depicted b

forwarg-digectics). @pearthardiaad; i éhg phaggehift 272 is less than the value, then
the controller 134 may determine that the fluid flow is in the reverse direction.

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

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



That is, the position sensor 252 senses the magnet 240
after the rotor 224 travels over a relatively |arge

WO 2108/09:myl e. Thus, to determ ne the directi onP@f/US1008/052681
flow, the controller 134 may neasure phase shift 272.
I f the phase shift 272 is smaller than some val ue,
e.g., 180 degrees, then the controller 134 may

ermne.that the fluid is f the for
the SighR EuTRGRIATaRa: SO EFALFRETY SBel BRASBSERE 2632 !n other
words, 'tﬁe bR&Se fshmﬁﬁﬁa\yf’dé@alcu@% WiE tkeIbNin@eqdafbriT®here teignal o
determne that thé fluid flowis in the reverse
is the tigne etwhish. pqS(Df(quieﬂH@dé %aman@es éhe lmgnleéaéarb.grmesrblh@ﬁme at

: ift 2 rin e ri f i gnal :
which (it ejiefiachisgl PER 88 L wRBkPBs0 A Befbdians o Jr 8 tme
betwedredorReRuEVE Bighalsf iemth8poBidhtdepBoseB30r s 252 and 254.
The ratio of the tine between the signals to the
peri od may %enerally correspond to the ratio of the
phase shifP rpllenes cyleine 8) ALTO0seid t, 360
degrees (one cycle) multiplied by the tine from
po |
(007013 Loy 3R e b B PO, 2R R G Tuid low
determo*fetdwby megcrmnrdlleoﬁﬁﬁosﬁdr ||rm’nar$cmf;§be dtrsatlcmagf ftédl diowd, loy a change in

e shift 272. 1n othe ds,. the phase . .
direoticiiiray be s B aTORPbLI B erhEiBoR: Nt gy 56 direction
(i.e., foﬂﬂé&r@i braridveidas ntayt tﬁ@?@f aﬁdu@ﬁl@@r K/Isifﬂe HariigqB. g30§ 'bkbl@h pump

nsor 252 senses e magnet 240, tSgnai B'is
Wamm@@“vﬁd@ﬁ'w spesker)oar tmq\eaive 28& r@@mb@ﬁdnwﬁéemé@getsubstantla"y
40, and PeriodSgnai A is the time between consecutive
signals fromthe position sensor 252: Phase Shift =
360 * (tsignai A- tsignai B)/ Periodsignai A [0070] A
[0071]varI-TIGt Y 9dllusacitss amexbmpm@bf afloadcras ¢isrooghtthe valve 128. This
directjon of [ ow det erm.ned by the cont rog | er

d
graph depictsipe ppﬁ%'?ﬁrﬂ% ;I;he predigi 14 len 7bfasf41 Q?EPGPI’[QQI? Ofi SHoke,
versusﬂﬁ%ﬂgﬁ/ ddéfl‘?dlér?[‘:( .vgﬂ}roﬂglﬁ_tip@vél%gl% I FhdTh ré(ted'd&r\%’%ludes an
e | 'ui o

odi ment s, in one direction
flow cohtrolhwaore 876 r&skatisponetdr &, ahg@eﬁmsi’mgmdmda%omn goBich! e

embodFaecte st 2omh P8 MBDRUSHE BiereBus ram, e feedie 142,
substantially closed). [0071] FIG 19 illustrates an

[0072] eX TR, @00fiusdrdtd O vh @xEMpIdMauENadj0stahRodddure @8 The
graph depicts the position of the needle 142 (FIG 7),

illustratgél Q{op@a@r@r&&gg@awncdug@ maasuring raspay ameier ploafluid flowing through

a valve s"frJ ? i%\@cktigéf) ug@ 8d %ﬁﬁ’ ude ﬁégalbo-l\;?-ementlo%?tegs of

drve Tnclu ow control zone
rowingSthéthqu tm@@gh?.ﬂﬁa fleamanetef | 88hiNegt,zh8 @rédddiuré 282an&y include

opening or closing the valve by a first distance, as illustrated by block 286. This may

closed

include the abovementioned steps of moving the needle 142 in the valve 128. The
procedure 282 may also include measuring the parameter of the fluid flow with the valve
opened or closed by the first distance, as illustrated by block 288, and opening or
closing the valve by a second distance, as illustrated by block 290. These acts may
again include the above-mentioned steps of operating the flow meter 132 and the valve
128. Next, the procedure 282 may include measuring the parameter of the fluid flow

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



enbodi nents, the flushing zone 280 may be used to
clear debris fromthe needle 142. [0072] FIG 20
w0 kdosmeias es an exenpl ary val ve- adj ust ment pr oRE€HUSM08/052681
282. The illustrated procedare 282 may include
measuring a paraneter of a fluid flow ng through a
valve, as illustrated by bl ock 284. This may include

s v IR ECHTIE MSRO Hl e S
measufét?bé#‘é?nél@l%nﬂr&ﬁ tAE s@é&slllﬂﬁré@@ %IM@«@%@ 449, ahd 292, may then

di stance, as illustrated by 86. This may
be compased teatralatianshipreé the pa@ineteépsdkstam su@h ahdhe stsake

percenfilfa ot HeotR: {5 " Ehe ArafioBEr “SpMerEne ity Meflis corpparing
the mehb@regalalgeOremehvechesrshdty stobed torrslatioh %btW&?n n@édle
| ustrated by bl ock 288, and openi ng or cl osi

i
posﬂmngndéloy\yraée é@@@ﬁh the yﬁ'é{ﬁc1@8 &4Ch BB 8¢ catre@tipy 'W&U@Red by FIG.

19, Flrﬁcﬁ&b %ﬁﬁopera Inﬁg}ﬁ %‘gﬁéﬁ r'?e%LtBS/?n &@?1@9%\’/? @éhé’cﬁ'gpclosed

may bel 28jusdeitvaseiden fiveocmdpaks2f Asritystiated bgle)lasrﬁazgﬁ.l ng the
paraneter of the fluid floww th the val ve opened or
cl t he second di stanc as il]ustrat by bl o
100731 5038 i e, AN TAT ity 66184 SHAGTBIseOA Y SR GO Pk ok
alterna@ig’@forh{é BPEEifi€ ERRHIRBhE hdREnIBRENERA bg%&”WBF @)Ea?mﬁlquthe
he steps illustrated by bl ocks 284, 28
drawnng&and mvemr@scnbed in detaili hateini M@wevefelt;saoalwbb@understood

di st anpce as, t,he stro er cent t he,.need
that 1n§ AT GO RRNG oo Rl R ST el ISR RaGRed raner.
the mvéﬁlﬁ)mﬁélﬁo‘%dr dl@h#&ﬁfld&hohbee@h@édénﬁeahd@ﬂ@ﬂ]&&ﬁ\/@é%ﬂllng within the

correl ati on between needl e B osition and flow rate

1

spirit ang seaipd of Hie puention 28 detinet by dhe frllowdg apagndad claims.
illustrated by FIG 19. Finally, in sone enbodinents,
the degree to which the valve is opened or closed nay
be adj usted based on the conparison, as illustrated by
bl ock 296. [0073] Wiile the invention may be
susceptible to various nodifications and alternative
forms, specific enbodi nents have been shown by way of
exanple in the drawi ngs and have been described in
detail herein. However, it should be understood that
the invention is not intended to be [imted to the
particular fornms disclosed. Rather, the invention is
to cover all nodifications, equivalents, and
alternatives falling within the spirit and scope of
the invention as defined by the foll owi ng appended
clainms. CLAIMS: 1. An apparatus, conprising:



a chem cal -injection managenent system for regul ating
a fluid flowinto a well head, the chem cal-injection
woranagestent system conpri sing: a flow pat h havP@muszwos/ 052681
inlet and an outlet; a notatized valve di sposed in the
fluid path between the inlet and the outlet; a flow
nmeter disposed in the fluid path between the inlet and
CLAIM%e outlet; and a controller conmunicatively coupl ed
both the flow neter and the notorized val ve,
1. medpﬁa'ﬂatbaec&rﬁﬁﬁélﬁpl er is configured to exercise
f eedback control of a parameter of fluid fl ow t hrough
alebemMmieal-ipgchon management fsysi@hatk regyiating arfbnd flaw intocay

weilneE 16 Bk AT b 28 MR S8 e B 2t s o

cl ai rTaIIow/\b@thmainﬁdWénfdl@mmﬁ?éﬁbuﬂ@ﬁprl ses a
posi tivedi spl acement flow he appar at u

cl ai nainot@ﬁée@walve@sweﬁrla|th%|fIUIdspa,‘tbrheit\gaeréH1Q tmlet and the
outlet: exercise feed forward control of the position of the
notori zed val ve based on a difference between a
desi r adiovameterdispdeediartheiitier pathdbedweanh tiee plettdnel the outlet;
paranmet er indicated by the feedback signal. 4 . The
and apparatus of claim1, wherein the notorized val ve
CONPr b Bt r6|lé}e&9hﬁlun§:€tiwlﬁ P@%%tﬁfthx?h@wrﬁléter and the
whereln at |east a substanti portion of an iInterior
motorizefd vdlee, oAmleerietralhei m}rémilieors configgeacbiot ewerserieedba‘old ¢ardrol of a

paramiipt Bt M8 R ol e painsoaeE iR adaetfack sindifEBm the flow

meter RiRMEUa8sciShg FbadBAR coMiRY BF A JdafiohsThe %otbﬂt&%alvé
managenent system conprises a pressure equalizer.

The apparatus of claim 1, wherein the paraneter of

2. Shgpals Rt WSO B et s BRSNS

displaceh®srit¢lalv inBje@ct i on managenent system and a wel |

coupled to the tree. 10. An apparatus, conprising:
3. 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.
4. The apparatus of claim 1, wherein the motorized valve comprises a needle.
5. 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.

6. The apparatus of claim 5, wherein the protective fluid comprises oil.

7. The apparatus of claim 5, wherein the chemical-injection management system

comprises a pressure equalizer.



a chem cal -i njecti on managenent system conprising: a
tree interface configured to couple the
web@siogHh3 i nj ecti on nanagenent systemto a treRCT/HIHO$052681

posi tive-di spl acement flow2eeter. 11. The apparatus of
claim10, wherein the tree interface conprises a
sub-sea tree interface that includes a fluid-inlet
connector, a fluid-outlet connector, and an electrica
connector. 12. The apparatus of claim 10, wherein the

8. Thedppalatl8oelaiAn , FRIEASIANRE haPAHERIP ‘ﬂm@fﬂlcﬁﬁ% a %olumetric flow
control | er communicatively coupled to the

rate. positive-displacement flow neter; a valve drive
comuni catively coupled to the controller; and a val ve
coupled to the valve drive such that novenent of the

9. Thb \epperdtMe of bRees chbhrprideay @@rebQ: lghtotthe cheealtifjection
open or closed. 13. The apparatus claim 12, wherein

managteﬁtenéémtem ard ajwelbeprplgd tethe beei gnal t he val ve drive
to change the degree to which the valve is open or
cl osed based on a signal fromthe

10.  posppavatudj sgrhpdsingnt flow neter. 14 . The apparatus
of claim.13, wherein the chem cal-injection nmanagenent

3PHCENFRIJRISCHOT MaNAdement SHeeeAOMBEaINGcKk control | oop
confi [
L e e

systemctord treéj @nd i s configured to signal the valve drive

wi t hout r ;ftoacu ent (%osition of the val ve
dri ve?ptolsr %ac%rlneg WOHSE i on thereof. 16. The

apparatus of clai m 10, V\,herel n an interior of the
chem cal -i njecti on managenent systemis at | east
1. phetapparatus of Flaémvilr whergindhe dteievieteriage ompiiseatres-ea tree

ntertaql Bef [0 4 it 89nEERRETRIS- SR EPFRTRY. ebfferfglectical

connedopar aneter of flow through a chem cal -injection
managenent systemw th a positive-displacenent flow
neter; and

12.  The apparatus of claim 10, wherein the chemical-injection management system
comprises:

a controller communicatively coupled to the positive-displacement 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.

13.  The apparatus of claim 12, wherein the controller is configured to signal the valve
drive to change the degree to which the valve is open or closed based on a signal from
the positive-displacement flow meter.

14.  The apparatus of claim 13, wherein the chemical-injection management system
does not include a nested feedback control loop configured to exercise feedback control
of a position of the valve.



adjusting a degree to which a valve in the
chem cal -i njecti on nmanagenent systemis open in
woe®poyHe3st o the sensed paraneter. 18. The netPOOUSH008/052681
claim 17, wherein adjusting3the degree to which the
val ve i s open conprises signaling a valve drive
W thout regard to a current position of the valve. 19.
The nethod of claim 17, wherein sensing a paraneter of
flow conprises sensing a volunetric flowrate. 20. The
15. ‘Fﬁé'ﬁ‘b‘éa?&twbﬂbﬁirﬁﬁe QARSI o of1b101W o figu e Sighalithé Qalve
a well via the chem cal -injecti on nanagénent system
drive \Nlthourh@g@ﬁd kod cofret ppsition of Hnyalve drige cthervadid, 9y aapomblnatlon
fhydrocar bon fromthe well. 22. An appar at us,
conprising: a chem cal-injection management system
corrprl sing: a tree interface configured to coupl e the

emcal injection valve to a tree receptacle; an at

16. Tba@ﬂopgcﬁags SNERRIMITY, ¥herelsan iNrkrichihe amralcgil sieetianve
t The @

managgw&qag%@gﬁﬁeﬂ I%ét%a‘?t{%@q‘lllﬁﬁ Wwitd ? Ir%tj%g’g\{e ﬂﬁldhgﬂé‘%ﬂ'felﬂélp the
chemicay-gtjecticcompnageseat syﬂsmwcﬂn;mm a perssubdleqUdlezer.

apparatus of claim 23, wherein the pressure equalizer

conprises a bladder. 25. The apparatus of claim 22,

ective fluid conprises oil, and

1. m&@oﬁ %ﬁ@pﬁ%@ rior of the chem cal-inj ection

aamsing eeyerasyesereshfiosv Bubsgylaatdhaenigalfinjecion wiarageheent system

, rotective flu The a parat us of claim 22,
with a ’%I’I%']"éq i SPF?@ gf?éﬁ'uﬂﬁ’ﬁﬁ Megr e@'? on management system
Qgﬂﬁt” ih§ Q%Gbréé* P WRiPPELakBN Yied bﬁérﬁlcfaﬁﬂ{écﬂdﬁ Pahag§ément
. A et hod, conprising: providing
Systerrblaewlne@anremcéaeu t@ﬁhﬁ@ﬁag@d@atamg@r em haV| ng an
interior that is at least partially filled with oil
and a pressure equalizer in fluid conmunication with

18.  WhtMéthediohtckiimor7, avttbrein &Xtstiigotheafedrde to which the valve is open
cheni cal -i nj ecti on managenent s%/pst em wherein the

00mprlﬁ@%wua&n@qu@ﬂwez@qu ‘é"th@%tf negafde a Gufréﬂhﬁ@s'ﬁom%%}ﬁ@e
di fference between the interior

thereo

19.  The method of claim 17, wherein sensing a parameter of flow comprises sensing

a volumetric flow rate.

20.  The method of claim 17, comprising flowing a chemical into a well via the

chemical-injection management system.

21.  The method of claim 20, comprising extracting a hydrocarbon from the well.

22.  An apparatus, comprising:
a chemical-injection management system comprising:
a tree interface configured to couple the chemical injection valve to a tree
receptacle;
an at least substantially enclosed interior; and



and an exterior of the chem cal-injection managenent
system 28. The nethod of claim 27, wherein the
wEe@ssies equal i zer conprises a bl adder. 29. TPeT/Ds10b&a52681
of claim 27, wherein the chem cal -injecti on managenent
system conprises a positive-displacenent flow neter.

a protective fluid disposed within the interior.

23.  The apparatus of claim 22, wherein the chemical-injection management system

comprises a pressure equalizer.

24.  The apparatus of claim 23, wherein the pressure equalizer comprises a bladder.

25.  The apparatus of claim 22, wherein the protective fluid comprises oil, and
wherein the interior of the chemical-injection management system is substantially filled
with the protective fluid.

26. The apparatus of claim 22, wherein the chemical-injection management system
comprises a remote operated vehicle (ROV) interface.

27. A method, comprising:

providing a chemical-injection management system having an interior that is at
least partially filled with oil and a pressure equalizer in fluid communication with both the
interior and an exterior of the chemical-injection management system, wherein the
pressure equalizer is configured to reduce a pressure difference between the interior

and an exterior of the chemical-injection management system.

28. The method of claim 27, wherein the pressure equalizer comprises a bladder.

29. The method of claim 27, wherein the chemical-injection management system

comprises a positive-displacement flow meter.



