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MANAGING FLOW TESTING AND THE RESULTS THEREQF FOR
HYBROCARBON WELLS

CROSS-REFERENCE TGO RELATHD APPLICATIONS

SLLLEE This apphegtion 5 a cortineation-le-part of co-ponding gpplication SN

PRASE 20N filed Pebrpavy 21 2008, which clatms privetty, wider 38 1180 § Hi%e), of

A ] > -
§ {

Provisional Application Noo G088 L6, filed Febraary 26, 2007, incorporsted hesehy by

STATEMENT REGARDING FEDERALLY SPONSQRED RESEARCH QR
DBEYELOPMENT

FELLAS New applicable.

BACKGROUNB OF THE INVENTION

SLLERY This fnvention s in the fiold of hydrocarbon e, oil and gas) production,

and 18 more specifically divected o wianaging the operation and results of How testing

N

producing hydrocarbon wells and inpoting wells svar & production field,

RS Hydrocarbon production from subltorvanean soservetrs typically tovalve

muliiple wells positioned at variouy locativas of @ ressevolrs Iy & ghven reservoly the
mdtiple wells sre not oaly deployved st different swifsee locations, i are also often of
different “geomstry™ from one apother, and are also often drilled o ditforent depths
Many typieal wells alse producse luidy ot multiple depthy along o single wellbove, thus
producing from preltiple subsurface steata &s I Swdamental in the w, e fuid
v piven well, as viewsd at the wellhead, often inchudes ovadtiple “phases™,

wal gas, peteolennt o ol snd water,  As wsed herein, the o “phase

s;:m’n.g}{}si'iim’f’ av sivaply Tphase” i oreferencs to produced Tluid refers o the selative
amonnty of water, ol and gases iy the prodeced fleid, The produced flnid may also
contam sospeaded sobidy suely as sand oy aaphaliane compoands, o addiiion, as s welb

¢ configured for the injecticar of

o,

Frwns i the ary, oue or e wally o & raservair o

ot
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Hluids, tvpleally gay or water, By secondary recovery and other mservolr management

= for uae

25

!

functions, Other injection Hauwids and gases s wsed and commerncially avails

v oand other ressrvolr mg

Rt operations, as known in the an

LHELCH Knowledge of the rate of poduotion and phase composition of the

o~

produced Hlokds are bmportant properties for effective reservolr manageraent and also for
managemeat of individoeal wells, Reservolr manageme typieaily cludes the sefection
of the mumber of wells (0 be deployed v prodoction feld, the locations and depths of

bed

these welly, the configuration of welly a3 production ov injpetion wells. and decis

st

O

7

segrding whother to sfu-iy wells, or convert wells from production 1o a;xj{%»::timx wells or

evsa, Well wansgement reflors to decisions vegarding individual wells, for exavgple
decivions regarding whether o perform rmedial sotions along the wellbore o toprove

produaction.  Enowledge of production vate and phase nformation 6 of couse, also

m"i.;;ss:n'mm from an seonomic dandpoint,

LHEES Rate and phase nformatiog is comunondy determined asing How meters or

Y

other equipment. For esanaple, separsting sguipmsat way be Jocsted at o neyr @

wellhead o separste produced phases

o
w
<

that the volume of cach phase oan be

determined.  Valves dewostreamn frown the separators divert gl or a portion of the

%

production stream for a ssparated phase o a flow meter o the ke for measurement of

the How rate of that paticelar phase. Typieally, this divession s performed oaly
periodically for sach phase, for example ovee por mouth for a span of bwelve hoars,

Becanse of the effort and Hlow dnserruption involved in re-directing the How of the vasions

ohases and beoaose the metering device or separator s required for othey prodoction

&

prrea

Y

selated purposesc This iack of real-time flow measurements of course reduees condfidence

1y the measureynents k\‘\idil\&‘ki ancd in the decisions mads based on those megsuremends,

(T In addition to the cumbersows natere of these flow measurermsnts,
gonvertional flow meters mmti reguire froquent calilvafion 1o onswe 3eCwWIRCY.
considering the typreal drlft of conventional How welers over time. Conventional flow
meters are also typroatly calibrated o be accurate only within a cortain oporaling rangs.

I operating conditions change so that the steady-snate condition of & weall drifts outside

Fage 2 of 82



WO 2011/042448 PCT/EP2010/064858

Incither case, calibranion

oo
%
P
Pest
v ]
oot
T
Fosicht
ooyt
952
o2

the operating range. the flow measwraments oay
Jdrift or change in operating conditions, the flow metor must Bo recalibrmred, adiusted, o

teplaced, eachi action gsually requiring physteal intervention,

TR White recabibration and maimemance of How  meters 15 somewhat
cambersome for land-based wells, the recalibration aud mabmenance of flow meters s
typically prohibitively difflealt and contly in marine snvirosments, Iy addition, the
fability 1o service offvhore Howe meters can cause totad Toss of How meassrement i g
crivial sensor fails. Deep sea mawine envicowmmes prosent pastisudasly sigmiticant
chationgos for maintenance or otherwisg routine eps:;'avt;iems. For example, Hlow moters
Tocated within 2 well oy ot o wellhead can be probibinvely difficult to recalibrmte due o
the difftonlt seeess for mainterance. gs costly intervention vessely and other 2guipmen

ave often required,

o i gddition not all weells g prodoction Seld are typleally suupped with 4
dedicated flow meter, Kather, many welly share secess o flow moters with other wells in
the field, This e especially tae o offbshore production, beosese of the diffioulty of
maintsimng soa-bed downbole sensers i the deep-sea envuomment,  This sharing hag

»

Been observed o add wncentginty 1o rate and phase megsaroments, Typleally, in sacho g

shared mstering opviromment, especiadly production fromn soveral waily 18

comungled before resching any platform o other topside facility, As used hersin,

“topside™ in refevence tr sguipment of Factlities means equipnnent or facilities which are
focated atther at ov above ground Tor lnd-based wells, or at or above the water surface
for seq envisonments {e g, production platforms and shove-bownd swrface focttitiesy In

cither case, shared topside flow metering typieally dooy vt sllow determination of
production from individual wells weithout stopping production from other wells,

L By way of farther background, 118, Pateny Application Publication No,
AC04/0084 180 dosoribey a omothod of ostionaing mmlit-phase How res af each of

Ay depthy slong o wellbore, and thes

Acvording o the methed of this

o

pubdication, g vohoneteic fow rate for cach phase iy obtained at the welthead, which of
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courss includes praduetion fram each of the downbde production zones. The meaured
vehimettle welihead flow, along with dowahole pressure and lomperaline moesswomeis,
avee apphied 3 well model (o Bemtively solve for extimates of the How rate of each

phase @t each downhole production string satry ocation,

{EH R R By way of fonher backgrownd, sofbware packages for modeling the

bydraslioy of hydrocwrbon wells, ax wsefd in the desizn and optimization of well
performance, are known in the anl. These conventional wodeling packages wolnde the
PROSPER medeling program avatlable from Potroloum 'i*w sy Lad, the PIPESEM
modeling program  avatlable from  hebhumberger, amd the WELLFLOW modeling
prograry available from Halliburrow, These soltware wisdeling packages wiilize actual
wmoasured, or ostinuted, valups of flow, presswre, and mmporatule pammgions o
characterize the modeled well and 1o sathmate By overall performance. In sddition these
modeling packagss van assist iy deviston making, for example by ovaluating the sffecton

well porformance of propoesed changes s operation.

N

2y By way of st forther backgrownd, Uk Patenr Application Pubdication
Ko, Us 200576149307 AL published Iuly 7, 2003, doseribey the use of well models i
eaprvolr management. Prossere messprements, wultt-phase flow rades, ole. are applisd
g well prodhection modell and the model s verified based o vanious well and reservolr

messnremendyand PRrneters,

JO1 3 The conventional wsey of well modelivg I owell and  reservely
anagemant, vapecially tnvolving the determination of rate and phase values, operate &y
“anagshotn”™ 1 time In other words, the variows measursmpents acquired i the fickd e

3

applied o the well meded “off-Bae”™, with the well model operated by 2 navan enginesy
or other operator to determing an extimaie of the state of the welll Examples of users ang
operstors who operate and analyeze the well model i i fashion melede, among ofbers,
stors, chnicians, and the like

retrolonm enginecrs, roservelr onginears, gonlagisty, npers

5&&

By omany Detagees, the msasursments are obiiined or inferred from well tests, sach as
shut-in tosts, during which the well is sl suddenly, and the subssguent esponss of

the measured prassipe 1 recorded. Such sohedulad well westing s, of course, Wwiregquent

Fage 4 of 82



WO 2011/042448 PCT/EP2010/064858

wmoa producing Beld, And as s owelb-koowa in the ant, substantial human eyt and

judgment is offen requived 1o select an gppropeiate well modet for g pactioudar sot of
muasurements, o apply judgment snd fdmeing o measurenunts thal appear to be

naceurate, sud o evaluate the well mode!l resulis

{E B By way of further background, the deployment of downhole prossare and

emperature. sonsord hay become ncreasingly coramon in recent vears, becauss of
raprovernent in the reliability and Jong-oom podformance of such downhole sensoes,
Thuse modery downhole sensers can now provids meaverement data on @ contiue s

nowr peal fme basis, with mensurement froguencies excoeding one-per-second,

RS Ag s fundomental fnothe ary, modenn prodoeing fiedds nclode o farge
msnlay of weduciog wells, Typleally, the split of revenue ameng rovalty pasticipaniy iy
uniformly allocated based on the oversll output of the feld, rather than necessarily

N

alfocated based on the output Doy Individeal wells In the Held, considering that the

voostly undentaking,  As such, the

s

metering of output Som ndividusl wells would be

P

How from ol wells v the Seld 3y typioally combined and measured a2 whole, for
example g5 an overall datly volume from the figld. Thiv morswrement of the combined
omipd over the Held v sefficreat for economic purposes, even though the oupat of

T

individuad wells i the Deld varies ooa wide extent.

LU i the other hand, from the standpoint of well snd reservolr managems,

&

P

POSE

f»

Vol snginesrs o other operstors or assrs are pderested iy the output of dividual
witlly, both relative 10 one anether within the Hedd asd also av such outpot varies over
tine and conditions. Koowledge of the output of individual wells enables the towly
mabivienance of individual wells, should the output drop over time. This knowledge alsn

frciidates manngement of the reservolr, and optimization of production from the fiold as

aowhodes I this regard, optimization of the prodocton response of the fisld, an awhols,

&

to stimulation, injection, presswe support, and secondary recovery processey, an be

attgined frowm knowledge of ndividoal seedl output over ime, Aud, of course, oowledge

of the output of individual wells in the feld will greatly assist the plecement of new

wedls,
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HEH N In conventional  production some capalality for
weasuring the fald outpet Sro adividual wells, 88 leagt on g periodic or sampled basis,

casvally provided, Such perlodic srosampled flow measarement of an individual wall

Ay

i veforred to inothe act ag g Tow st loe typroal flow ot the caipa streaem from a

»

given well 3 physically olated from the outpat of othey wells 1u the Teld, and divected

oz How moter for messuroment over soveral howrs, The flow meter may measwe ondy a

«d well, or alternatively may

e ot man, owaten) from a seleet

be o “molt-phase” flow moter that simubanecosty messnrey the canput of all phases

i

produced frow the well, Iomodens well and reservoly management approaches, the well
gyt 18 correlated to contemporansouy measuvements of resevvolr pressare and well
flowing pressere ab the seell onder analysisy other paramesrs such gy downhole

senperaturg, surfhor condittons, tewell Howing pressure, and the like

contemporancously moasured and correlated o the meter How, These measuroments thus
“ealibrate” e pressipe and npessture messupemenss et can be oblined during

voprmal production so that Insight inte ¢ dar well's How can be dedoced from

pressure and npersture msaswerasnts, In addiion, well and regervoir models can be

calibrated by the periodic or sampled How msasurement from individual wells, From an

econonto viswpoint, these models and pavapetery, ag calibaaed by the well flow

vy

s, can be wsed o derive an “allocation” of the cverall fisld production to

oAU NSH

mdhividual welln in the fleld

LN Conventional approaches to flow fosn of wells o a production Beld arp

generally aod doe, T thet the scheduling sond padforming of such teddy are typically ot the

. or other membors of the production

diserotion sl judgment of the roservolr gugiaeess
cperationy staff, Iy addition some level of ey judgment is often involved iy analysiy

3 &

of the vast amount of dats acguired frons flow st over an sutire production field, Such

judamsnt i even involved o the determination of which data Srom g How test f}u{;}zt o he

T

weils under rest, and thuy the selection of o “sregdhystae” wisaawement penod i

I

somewhat suli

personnel and feld locationy can prechmde accnmde comparison of well
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+data

perfermance over Hme, or among maltiple feldy In addition, the vast amow

wakes conventional processing of Hosw test results a curaborsome task,
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BRIEE SUMMARY OF THE INVENTION

a9 1t iy therefore an obzot of this lovention 1o provide suteenated detection,

sia, and validation of o tesrs and resalts of these weaes for ol and gas prodoction

LR 1t is u further obiset of this invention 1o coordinate How tost results with

.

vegltime vate and phase roordtonng of hydiocarboy weils

(B0211 ¢ is 3 further object of thiv invention te provide avtomuted and intetiipent

slanming and schedoling of flow sty for the wells o o produoction field,

LD Ibe o further object of this vention o provide update predictive well
models with actual tleaw test resalty, 1 fmprove the accuracy of such models,

LLIRGH {t s a further objeet of this inveation t© provide an momated systam and
wethod Torevahaating the stability of realtime flow test resaliy o ensure the validity of
data to by evaluated, and 1 control the duration of flow tests,

0241 By a funher objpot of this nvention © provide wniformity and
consistency i the analbvsis of fow rest data,

sy 1t a3 fusther ohiject of iy invention (o inprove allocation calculatious for

ol and zos production Helds,

R

LE RS Qther objects and advantages of this froeention will be appasent 1o those of

crciary skill i the art having refersnce to the following Yo with Hy

drawings,

H02TY Endhodiments of tig invention provide a method, computer systom, o
computer-readable mediom storing @ computey program for planning, monitaring, and

anabyring fow tears for one or more wells serthin a production field,

FLirAY i an embodimment of this fnvention, sach a wiethed, computey system, of
computerreadable medium provides sutomated detection amd processing of a flow fest
being carried oul, without reguiring user fidervention or deraction betore completion of

the flow test
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(29 In an embodiment of this invention, such a methed, computer systemy, of
covapratesresdable medinm provides astomated determination of the tme at wlach valid

fow test data are oliatned, and swtormated deterpynation of the endiof the flow 1ot

{EIR i an embodiment of this invention, such o method;, computer system, or

compaterreadable medivm provides antomated calibeation and adinstment of pradiotive

wisll misedels bassd NS IMERSITOMSaEs,

031 In an ombodiment of this vention, such a method, computer systeny, or
computer-readabls medinng storling @ computer programt provides automoted planning and

scheduling of future Hlow tests iy a prochction feld,

LE TR fnoan ombodiment of this fnmvention, & method, computer systemy, o
computerreadalle  wediom soving @ computer progrant  provides  sutontated

cormpnumncation of flow test results o human asers for validation of flow test resulbis,

033 Embodimerts of thiv invention may be lmplemented in & methad,
covaputer system, or computerreadable wmediom sloring an exsvutably computer
program, that muomates the pathening, provessing, and planning of flow tests of wells in
a production feld, In one example of @ serversclisnt architecture, servers i g network
inchude software modules. One software module detects the touting of well vutput piping
o o flow moter, and ponitons the measnroment data obtained frowm that How meter for
stability of measurement data over 8 test interval, Upon detection that sefficient flow test
data have boen processed o upon suother event, the reanlls of the test ave forsardad

bt O, Ruman HRELS,

LIRS Acconding o other smboadimenty of this vention, the resulis of
covaploted Hlovw fosts are wsed fo calibrate or adjust oxisting predictive well models. As g

resvglt, the predictive Hlow test models e betlor alde v estinmate How rate and phass for

produsing wells at times other than doving How ests, and to better estimate other well

LR According trotherembodimenty of thivinvention, the resulty of flow sy

o schedule for funpe How tests, busedion the resulis oheained in

o,
i
P
m:
-

L
#
I &
’Y/
75
g
e
s
P
-
.
o
e

previons flow tests and based on other paramsters,
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BRIEF DESURIPTION OF THE SEVERAL VIEWS OF THE DRAWING

SLIRY Figure 1 v a schomstic diagram Hlustrating the moasurement and analysis
syatern of an evwhodivsentof the wivention sx deployed nay ol and gas production feld,

LIRS Figure 2 is 2 schenatic dagram Hustating an example of & wall with is
assoiatod sensors and foansdueers g implemented in the systom of that ambodiment of

the invention,

atation of the oulput of & well ¥

LIRS Figure 3 i3 a graphical

according o that embodiment of the nvention.

LIRS N Figwre 4 i5 an olectviosl dHagram, v hioek and schematio formy of &

stem such av g sevver implementing the analysis Systean of that eanbodiment

of the vention.

{ G Figure § v g Mook dingram ddloststing  the soltwars architecture

iaphomented in the systeam computing rovomrces of Flpure 4, inplemsnting the analyss

systent of that enthodiment of the nvention

ELE S

implomented in the systom computing resowrees of Figure 4, implomenting the analysis

& v 2 block disgram Ulssgating the software architechure

systers of g embodimeny of the nvention i a moelib-asse! application,

Y Bigare 7 1 g schematio diggrany tostrativg information processing steps
i embodiment of this invention,

SLLRH Figure 8 1n g flow disgram flosirating the operation of an automated
analveis method according o an sbodient of the tnventic

(34 Flgure ¥ 18 » flow diagram Hlustrating, in further detail, the operation of
evaluating #well wodel n the voothod of Figare 3, acoording o that embodiment of the
wvantion,

LN Figures 10a and 10b are graphic representations, dlusivative of gt

fromt a calibrated prodictive model showing dowahole fhad pressare as g Sunetton of thad
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vabe Yor @ ramgs of constant gas-oil ratie valuey, and fluid temperanre at the wellhead as 2

function of fhad sae for o range of gassoll ratio values, respectively.

pad

{30441 Frowee 1] odn g flow diagras dlostvanng the operation of one poasible

selection procedure based on wranging o hicrarchy of nudtiple well modely evaluated

socording o the method of § o 8, accovding w0 that smbodiment of the wvention,

{47} Figare 12 1% a state diagram lostrating the opevation of an example of the
detormivation of well oporating state i the procesy of Figwee 8, accovding o tha

sovbodiment of the invention.
FH04R] Brgwre 13 1 8 schematie diagram Hlustrating st example of au ol and gas
production fiekd wo which emboadiments of the invention are applied,

LEIE A Figare 14 1a 2 schomaiie dicgram Hlustrating the implementation of 2 flow

meter for periodic or sampled Pow tests of one of mudtiple wells,

FEEH Figare 18 iy 2 flow disgram Hhetrating the opevation of performing and

analyaing flow tests of & well aocording 1o an evabodivacnt of the nvention.

HEES R Brgwre 16 1 gy iestration of o broveser window presenting vesulis of the

opergtion of 1 flow test according to the embodiment of the invention of Flgure 13,
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DETAILED DESCRIFUTION OF THE INVENTION

082 The prosent invention will be dosenbed i comuection with i

srmbodients, namely sy implemsuted into ay existing producton field from which ol

amd pas are boiag extracted Hrom One OF MOre roserveirs in the oasth, because i i
contemplated that thiy wveation sall be especially beneficial when wsed in osoch an
enviromuent, Howsever, it iy contemplated tha this invention may alse provide imporiaat

Benefits when applied o othey tasks and applications. Accordingly, s 1o be pndesstoad

Y

fat the following desoription iy provided by way of sxavple only, and i not intended to
it the wue scope of thiv invention as claimed.
As will be evident fo those skilled I the art baving reforence w0 this

cation, smbodiments of iy Wvention smy

models, tomperatne

sensors and presswee sensors, and owhers s"jj\}.i(:ahiﬁ, valves and choke positions, o

N

determing the rate and phase of Thad produced fromy a well, Thie Invention can also
provide rate and phase date and information, snd other wseful nformation, on a
contireons basts 1 real-time o sear-real-time, to allow bmproved well of field operation,

\\

As used heretyn, the “real te™ or “near real thme” aperation refurs o the ability of thig

fvention o provide such sue and phase data and otovioation, sad other such useful
nformation, sufficiently tmely so that the reselis, when provided, refiect o reasonably

casrent state of the well, For example. it s contomplated that, according 1o embodiments
of thixy fnvestion, the e and phase data and informution s provided ot least ay
frequerdly as overy fow houoss, proferably ranging from about once every hoor or oo

quently as severs! tiroes sach hour, gy Degunenthy as about svery five pume

«.
]
A
. v
,"’r'

’Jz)

!f(
"’.e
v
e

even as freguently s once por ovimme. Az wsed herein, the “contingous” operation of

providing rate and phase dars and pdormanon relers 10 the operation of ambodiments of

;u.,.

this fnvestion so that, fellowing the completicm of one nstance of the determination of
vate and phase formation for @ ghven seell o wells) o next instance of Bhat process stans,
withoul any significant or substantial delay, For sxample. it s contemplated that
“comimans” reters o the operation of cmboditmenis of this wveation on a periadic basiy,

with one pesiod effectively bognoing upo the end of o previous period, such peviods of
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fongthy as mentioned above, ranging fom as freguently av about coe per minute {08

wore freguent yo) to oy the order of abowt once overy fow hooes,

,,'
P

an embodiment

e,

(36084 Prguve 1 Hlasteates an exavple of the inplemsutation of

g%

of the irvention as realized in an o e o and gay production field, In thiv example,

oo offshove drilling and production platforms 2y, 35 ave shown gs deployeds of course,

s

ypicatly more than twe such platferans 2 may be vsed 1y 8 modesn effshore
fickl, Each of platforms 24 2p supports one or wore wells W, shown by complotion
strings 4y through Gy supported by platform 240 and completion strings Sy Gwough Sy

supported by platform 2o, OF course, more of fower than fowr complotion stringsy 4 may

besapported by asiogle platfonn 2, ax kposer i the el & ghven completion string 4 and
iy associated equipment, inchirhing downbale prossare ransdacers PT, wellhoad prossue
sansdecers WPT, celthead temperatine transducers W, How transdocers FU and the

Hie, will be refered to i this deseoriptiom as & well WL an exanple of which iy well Wi

indicated 1w Figure L

HELAH Avcording to thiy ermbodivaent of the mvention, ong o more dowshole
measwe transducers v sonsory P o deploved within each complotion string 4
Downhole pressore transdecers PT are contemplated 10 be of vonventional design and

nsfructing, and suitabde fur downhede istallation and we during production. Examples
of modern dowrhiole prossure transducers PT sollable for use in connection with this

vention mclude those availably from Quastzdyne foo., annwg othery available w the

B

Y In addition, av shown o Plgure 1 conventional wellhead pressurs
tranasduceny WPT are alser deployed at the wellheady at phaforns 2. Welthead pressure
gansducers WPT are conventional wellhead prowsuee transducers ag well known i the

art, and seose pressure at the wellbead, typieally st the output of multple wells alter the

¥

flows are combined; altivrnatively, welthoad prossure transducers WPT can be dedionted

N

o spdividoal wedls W Flgore 1 also Qlustrates wellbead temperature transducers WTT,

which sense the tempersture of the flnid cuntpot from the wells W oserved by o ghen
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wlatform 2, also at the wellhead, sgain, wellhoad tomperature trapsducsrs W may serve
fncdividual wells Woat platform 2, so deploved.
{BORTY It iy contemnplated that otber downhole and wallhead serwors may aleo be

deploved for individual wells, or at platforms or other ocations i the prodection field, g5

destred for wae wn connsction with this exobodivecnt of e invention,  For exampis,

devwnhaode trmpergture sensors may alse be implemented i desired.  To addition, not all
wells Wornay have all of the seusor and telemetoy of other wells W oin & production fiskd,
or sven at the sawe platform 2 Furthermore, injecting wells W owill typleally wot witlize

downhole pressure wansdocers P ay known i the art,

TS

preskure, mperatury, amd postion traneducsrs als

Flgore T schematically dhustrares an exavaple of the deployment of various

&

4 i well

#oone of completion sty

W the prodoction feld lustrated in Figure 1 Figare 2 Hlusteates & pottion of

completion stving 4 a¢ digposad @ wellbore that prases into g bydrocarbon-beariug

formation FU In this stmpiified schomatio Hustration, completion stting 4 includes one or

more eoventrie strings of production tubing disposed within wellbore 30 defining an

o~

anpdar space botween the cutside surface of the outermest production wbine and the

wirdl of wellbore 3.0 Entries through the production tobing pass Sulds from ong o more

formations F into the intevier of the production tuldog, and within any anmedus betwesn

concertrioally placed produstion tubing sirings, w the conventional manner, The anuulas

space between welibore Jand complation siring 4 tand also auy annuli between loneyand

caster production twbing strings) may be cemented 1o some depth, ¢ for the well,
FPackers (not shoewn) mayaleo be ineerted into the sonolar space between wellbore 3 and
completion string 4 o conteol the pressure and Hlow of the production stream, s knows

i the syt Completion sty

R According o an embodiment of the bvention, and as buown futhe arly

dorwnbsale pressure ransdacer P s preforably disposed w completion stving 4 st a depih
that is above the influx from shallowest hedrocavbon-bearing formation F As waill
become spparent from the following deseription, the shutin condition of the well 18 of

particuly usefolness 1 the analysls mwthod of this ewmbodivaent of the invention
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Dovahole pressure transdueer FU §8 in communication with data aoquisitinn systenm §
(Rigare 1) by sy of gowiveline or other comanications facility {not shown 1a Figure )

o E oF

i complation siring 4

RELR Ax mentoned  above, additionzl sensors may abso be deployed i

o

connoction with completion string €, for purposes of an erabodiment of the fnvention, for
axamply ay shown i Figure 2 Wellhead prossurs and tomperature transdooses WP

X

WTT, rospectively, ave deployed within prodoction siving 4 at or negy wellhead 8, B
sensiug presswe and remperature for well Woat the welthead, Iy addition, well annulus
prosaure transduesy AFT a8 deploved within the anncluy between wellbowe 3 and the

cutermost production tubtog of completion stping 4, ot ov vear wellbead Q. for seusing e

anrufar prossare nonr the surface. Othor seiwors and ransdaers specifie o well Wooan
absry be deploved at wellhead 8. &g shown in Figore 2 these additional sensovs inchude
choke valve position indicator UPT, which of coursy udicates the position of choke 7,
and thus the exient wyowhich choke 7 s opening ov closing the Hukd path frova completion
string 4 1o the production Howiine, Well W in the example of Fgure 2, alve inchudes
sashift capability, as conventional in the e, and in conveotion with which vations sensors
arg provided, Oy the gas B supply side, goas B presswee thansducsy GLPT and gas B
How tansducer GLFT measure the prossure and How, wespeasively, of the gas being
supphied o well W otor gasdift operation. Gasdift control valve posiiion transducer
GLVPT indicates the position of the gashift contenl valve,  Bach of these tramducens
osteated 1 Figure T forwell W,oand auy other transdocers atifized sither dowahole, wt
welhead 8, or downsteam from wellhead 9 in the production Howhine, ary vouplad
data soguisition systom § for the phatform 2 or other arrangament of wells, so that the

peasurements can by aoquired and forwarded to servers 8 socording to this embodiment

1

of the invention, ay will be described below and as dinstenied in Flgae L

tLEON As illastrated o Fgure 1 volumetrie Sow transducers FT ocan alse
i;)pfi.{}!"}iiiri_’}-‘ b deployed i Hoe with each of completion sirings 4, for each of the wells
supported by each of vg}fia’li'.f'\i‘.l‘i‘l‘.mi 2y or phuvubed o the production flowhaee o shared
wnanner among madtple wells, Such flow transdueers BT ave of conventional destgy and

porstraetion, for measuring the How of Huid (ncluding all phases of gas, ol and waterd
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Ax will be described dn ferther detai! below, the flow from 3 given well oy completion
siring, for each phase (ot gas, watery can be Jotermined fror prossose transdocers P an
combination with seaswements of downhole remperatine, avcording to this canbodiment

of the nventiog.

v

6] Ret

mvention, amd av mentioned above, platforms 2y, 2p are each eguipped with s

ring back o Figee 1 for this example of this ewbodiment of the

correaponding s aoguisiion systamn 6, 6 Dala seguinition systems & are
conventicaad computing and provessing systems deploved ar the production location, and
which manage the sogquisition of measwramenty from the sensors and transducers at

platfornee T and n conmection with the completion strings 4 at that platforn 20 Doty

acquisition vystems © alvo manage the conmmunication of these measwrements 1o shove

hound servers 8, thiv enshodivaent of the mvention: such compnunications beiug carried
out over a conventional wireless or wirgd communications link LR, In addidon, data

-

acguisiiion systeras & are each capables of vecelving control signads Drom servers 8, for

%, and

management of the acguinitien of additional measuremsedts, calibration of By sense
the ke Dot acqusifion syatems & may apply sudimentary signad processing o e
wisasured stgusls, such processing inchuding data formatting. troe savaps, and parbaps

basic filtering of the moeaswromenty, aithough i is comemplated that the bulk of the

sed ool ab servers 3.

fltering and outlier detection and determunation will typleally be cay

LLERT Servars &, in this example, refey to oy §lip} = servers lovated centrally ar i
a distributed fashicon, and oporating as 2 shore-bound computing system that woeives
covpmpmications frovy voultple platforms 2 i the production Held, and that operates 1o
carvy ont the apalysiv of the downhold provsre mcaswrements aocording o this
embodiment of the hevention, sy el be deseribed in fopther deadl below, Servers 5 oan
B implementad sccording o conventinnal server or conynsting architecturey, as sutiably
for the partionlay inplamentation. 1o s regard, servers 8 can be deployed gt o lavge daw
ceater, s atomatively as part of a distritnged architecture clossy to the production fHedd,
Al according o thiy embodiment of the IveRUon, ODS OF THOTS oMK aoouss enmibals
RA arg dn copvmmication with servers § vig & cowventional local aren or wide arga

whwork, providing production coginesry, or other operators af users, with acoess to the
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MOANUIOMEnTy aogquired by pressure tansdecers BT and conwnunicarad 1o and stived
servers 8 Examples of ssers and opeators sho ave contemplated to acoesy these

measuremenis via remote

serminals BA, o who otherwise opesate and wse

ermbodiments of this ovention, wmolnde, among others, petrolonm engineers, rsrvolr

engineery, fealogists, operators, technicians, and the bker In addiion, as will becone

by

apparent from the following deseription, it is contomplated that servers § will be capabie

notifving production enginesrs or other such users and opergtory of certaln sveuts

detected @t one o more of prosswe tramsdecers PR and of the acguisition of

o

RESRERNY surrounding such ovents,  This communiestion, accovding o this

mvention, providey the wmportant benefit that the responsitde pers

with massive wmoounds of data b rather can conceutoae
completion strings 4 for individoal wells that are gathered o raportant events, from the
standpoint of well and production field charscterization and analysis. In an embodiment
of the Invention, & process trigger canses a notification which & mangrmtted o 3 desived
focation ov wser,  In an embodiment, the notificating 18 visoal or auditory. o other
srabodivnenis of the vention, the notilication o vibeational, such as o signal sent o g
pagey, mobile phone, o other slectvonic devive, ov ix caried out by a phone walll an
el @ ey wmesssge, O an atomated wessages any of which in transnutted 1o the
appeopriste wser, fa o example of such an embodiment, an emadl may be sutomanically

¥

sent to the responsible user along with g network Rok 1o the event which i

notification. I evabodiuents of this inventon, the particola Wwiggsring sventy arg pre-

determined iy the system, or are configured n the syste

am by the approprigie uses.

{64} White the toplementation of thiy ombodiment of the wveation Ylusirated

3

in Figure 1 s deseribed relative 1 an oftshore production field envivonment, those skilled
i the art having reference o this specification will readily reeogiuize that this Inventiasg is
abso applicable to the management of terrestrial hydvocarbon production felds, and of
individnal wells and groups of wells i such land-based production. OF course, i such
lond-based oi and gas production, the wells and thele completion sirings e pot
platformebased. As such, sach well ov completion siving may have iy owny dats

tocs

aoquisition systam & for compunication of i wansducer measnroments W oservers {2
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altervativedy, a data aciuuisition system may be deployed pear mattiphe weally in the field,
and as such can manage the communication of meastwements frow thoss voultiple wells

X

o sinila fashion ay the plarhome-based data acguisition systemx 6 of |

RELEH Aceording o embodiments of this nvention, av will becoms apparent

from the followrng desent

ption, sevvers 8 operate to derive satimates of How rate for each

of multiple phases of prochocsd fhaid {gas, ofl, water} from the prossure, emperatuse, and

position measwrements acgelired av i the exaraple of Figuee 20 To addition, aceovding
eribodiness of this fnvention, servers S way also operate o deduce au opsrating state o
mode of well W oirom these measurements, as will be desoribed in further detatl. These
dertvationy of vate, phase, and opevating mode are oblaiped by ssrvers 8 by e
application. of the messuroments © e O move conypter-operated predictive well
wiodels, prederably with the resudiy selected fromg these devivations by an automated

procedure taking account of the measursrnenty themeshves,

{EES Y Aceoding o ombodiments of this invention, the well models used by
servers ¥ o derive vate, phase, and operating mode are based of conventional hydesalic
well models as Bnowr o the wt. These conventional and kncewwn hydraulie well modeis
fnchude such modely ay the PROBPER wodeling progravs available from Potroleum

<R

Experts Lid, the PIFEXSIM modeling program available from Soblumberger, and the

WELLPLOW modehing program gvadlable frowm Mallibwetone These modely genevally
cperate as ¥ hydvanlio model of the well mpe ax a primary model, bassd oo physieal and
thermodyramin laws governing fuid fow. Anocther model that Iy useful in connection
with the embodiments of this invention 18 the weibknowy Perking chebe differential
prossure moded, av deseribed wy Porkins, “Uditioal and Suberitical Flow of Multiphase
Miwtres Through Chokes™, SPA Paper Noo 20033 (Sogiety of Petrolenm Engineess,
19934 incnvporated herein by this reference. Other modeling teehoiques can alen be usad
i place of these conventional hedrnlic well models, o ncladed along with those
hydraube well models to add rebusiness to the overall system, 1 s also contenplated
that other new or modified hydraabe well modeds can e readily apphied 1o the
movHoring system huplomented according 1o smbodiments of this nvention, wathowt

unsdoe oxperimeation by those skibled in the wt having reference o this specification.

b
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modaely weed In connection  with

Yena

HEL oo simplified sense, the wel
evabodivnonts. of i dovention et the modeled well analogouwsly 1o g pipeline
nomrporating the physweal geonstry of the wail o some cases, the well model s aone
dimenstonal model caloalating Buid propertios as o function of length of the welll Other

well modely can ncorporate more thay cae dimension along all or 2 portion of the well

For example, Haid flow can be mndeled as 3 function of longth and radial distance. Ax

farther exmvple, Haild How can be roodeled o theee dimensions. In soms cases, Thud

3T

flose 19 modelad i onddimenaion Tor most of gwalland v o than o dimensiog for

.

o portian of the welll For example, in particudar areas of the well where flow

R Spec

deviates greatly fron onedimensional cousideration, one or move other dimension may
Be inclnded inthat weas By asing sech simplificd models, rate and phase valoes can be

caloulated soverad Bimes sachovinuts

{GOGR] Agvepding o embodinments of this tovention, @ number of hvdraulic

modely ave availeble for use w deviving masorementy of pae ad phase. These

frychra podels cudoudate rate and phase, and i s SEETVIID prRssurs o other
ydrauhico models calotdate rate and phase, and in LIE TSRS o O

\

parameters, by muching caloulations of downhole pressure o wellhead temperature (o

both} by the well moded to the actual measerements of those parsmsters. One class of

anlic modely is based on models of both inflow and the production ubing that
makey wy completion string 4 These nrodely ave most asebul 1 situations iy which the
reRgrvolr prossare Is Koo 1ooa high lovel of confidence.  Acconding 1o thess mndels,
veferred to hevetn as “Fell” or “hnfloesand-tubing” models, the caloulation of the phase

Y

parunelsr by optinized o match the measwred downbde pressure, of to makeh the

o

measred wellboad tompomiare,

LA Figare ¥ dhustrates an oxample of rate siad phase calecdstions osing 2
stmpdified Mioflowsand-tubing” model sccording to an sabodiment of the inventivn
B R E I E R N IR SRS NUS e ur i e s Ty i 3oyl 3y C SO o swiaees
Carve 31 ustrates the relationship of 2 phase parameter {eg, wateront} 1o g measured

parameter such gs downhole prevsure. iy this sxample, sccording to the sclected tubing

and nflow modet for o given well W0 Curve 33 Hlustrates the relationship betwesn the

phase pargraeter {o.gn, watevout) tooay inferred prodochon wate, also secording to the same

A

alning

P43

full model,  Upon ol

5

the measured pasaneer of downhole pressure, in this

%
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example, that measured downhole pressure iy applind to the well model for well W fram
which the measorement was taken, 1o derive the phase pavameter of wateront from curve
31 Owmee that phese pavameter value B deduced fremn the well medsl, that phase
paraneter value s applied o the well model w0 produce the resulting production rate, via

carve 33 of Figwe 30 In this manner, the

eoted well model for well W o wed o

praduce rate and phase mformation from @ downbale prossure messuroment.

aTE As mentioned above, this class of Inflow-and-tabing well model can also

operate bused on § messwement of wellhead tempersture, Istead of the measueed

downhole prossure as discussed above,

HTH Another type of well madel waed Inconnection with embodiments of this

;,,/
er

ivention is baved cnly on the hydeaulioy model of the tubiag, and doey unt model the
fnflow wto the whing, Becaose nflow Ix ot modeled by s cluss of Vubing-only™

wiodels, ra

arvoy pressure need pot be kuown or assined) rathey| iy clase of model 1
abie o infor reservolr prossure from the other measwromenty, 1o g goners! sonse, this type
of woded operates by adiosting the phase parameter and the production sate (e, curye

31, 33 of Figure 3 o simultansously match the measured downhole prossure and the

wmeasured seetlhesd torperature.

oaT 3 course, actual geveration of the rate and phase pavameter values using a

well model scconding o emnbodiments of this mrvention is nob caried ow graphivally
through the use of curves and plots, 8¢ suggested by Fleure 30 Rather) gy will e
desevibed tn further detadl below, automated progronmed numernical and analyticdd

technigoes sre osed o calendate the destred results,

EHIRS The following Table 1 33 an exvample of the measwements and well

models used it an embodiment of the vention, for purpeses of andesstanding the

Contest of the prosent mvention. In this axampls, the mod Hed toclade the “Perkins

S

Choke”™ meade], and the h

vadraulies well models in difforent operating modes or options,

b3

depending on the svalable measwament dia as will be lastiated, The hydravdic well
models may correspond to the PROSPER muodels noted above, or addidienally ar

shternatively w0 other hydraulic well models, including such other similsr hydraudic well
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modals known i the art o which may later be developed. Bt B contempiated that the
scope of this nvention ay heretnafier claimed ie uoy Badted w0 the pacticular models tha
iy b usedy a8 such, these partioudar msdels are prosssted by way of example auly. In
addition, ay evidewt frown Table 1 the example of a PROSPER choke model s also
gvailable and may sl be applisd v corbination with the other modelss Ax kcewn i
the art, & “ehoke” model infery rate and phase based on & measured Sifferevntial pressure
drop across the production choke valve, and wsing an estimate of gas-oil ratio or watsraut,
The hydranlies models, ay desoribed above, derive the rate and phase ostimutes that
suich the messwements of downhole pressure o wellhead tormperature, for exampla,

X

Farther i addition o these spumerated modeds, weeedefined pumevioal equationy can

atso be incorporated into the rate and phase Jeternduation, depending on the availabie

msasursven data and alvo upon the equaticans so defined by the wser
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Parpmeter values  (BQsrequired msasprement,  ASsassumed
vatue, CALD =caloulated valued

Wl

v

Sodsl posfoption

£hasoit Gasli:

R CALL CALL [ AS AS AR RQ

CALD [CALD [ RG Al AS AS R{

RO CALC RO A8 CALC | AS RO

withy

RO R} SALL TAS CALL TAS B

madet | avadetobiug
with miodela

R} CALL L RG AR Al CALD (RO

RO RQ CALC | AR AN CALC RO

with

RQ CALL | RQ AS AS AR AL

el Ri2 RQ CALL [ AS AR AS CALL

with
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values s’R{} rﬁqvi;fmi measurement,  AS=aswuned
val m‘*{ AL =

Gastiy
v

Slodid naaio Ui s

Tubing BQ CALL RO CALL AN Al B

merdel IR

Fubing BQ RG CALC PCARL TAS AS R

;
meded

(R

i RO R RO CALC | CALD L AS RO

modat Prbing-
sbemanded
fovintiow

sad W 3
adist W

yossdetan)

Vishaw,

:;;;f

RO 2} RO CALC CALL | RQ

by RO RO RO A8 AS CALL

sandal
amd W
wadpess

PROSTER ehoke adel RO R( wa i AN AR RO

erapitiead e

P
LIRCT

defined

sebined

W BUET W nia R wa R

InTable 1, the phase matching appvoach of "DHP refers to matching the calooiated rates
amd phase relative o downlde pressure, while the phase matching of "WHT” wlon o
matehing the caloudated ratey and phase relative © wellboad tomperatuve. Ax evidet

from Table 1, the wbing-only models mgtch ey

78

awd phases to both downhole presswe
and welthead weroporatore, given the sdditional degree of frecdom rosalting frove uwo
intlow modeling, In addition, as shown in Table 1, wser-defined enpivical rate estimates

the ser of well models 27 for iy user-dolined case, the particulyr

/‘/
K
#
-
2]
E;’
v
-uJ
ﬁ/
o
5
Z
A
Py
)
i
2
P

parameters used i cuder 1o derbve rate and phase are defined by o human wser on g case-
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\'\i

HOT IS,

Coof such werdefined empivical rate estimates can include o decling curve

wy od asset-detined erapivical corvelatios

fromy Bistorie test date, and 2 combing

-;'mz‘iﬁ‘;
that are not based on physicsl wodels, Table 1 oabo Hlusates 2 Mwellapeaitic rate

megsarement™ o ducluded o the set ol well models 27, which refers o thote situations

for which a flow transidtter FT s present af well W that dieetly onipaes sate and phass

fnformtion for thar welly whey and operable, such divect rate and phase

messnrement nay v the ealoulated values from the othey well

modely 27

{8741 As twoalen evident from this Tabde 1 of models and fnpoty the avatlability

of cortain measurements amd unavailabidity of other
selrction of oug model versus another. Poresanple, W reliatde downbiole prosswre
msastrenesy iy availoble but ¢ veliale welthead tomperature 18 vot available, the tubing

model can be used 10 devive rate and phase values, gh sure and

1 with reservoly p

"y

weithomd temperature, avsuoning vahes B watercut and gas-oil patio, By matching the
vates sad phases o DHE Conversely, it the downhbole pressure rocasursaont 18 ut
avatlable or rellable, bot wellhead tompersture can be rellably measwed, the tubing
model can be wsed o caloplate rate and phase values, along with resgrvolr prossure and
derwnhole pressure, assuning valoey for wateront and gas-oif satio, by omatehing the rates
and phases 0 WHT, The interplay among the variows models not oply provides
caloulations based on the avallable and reliable measarements, but also can improve the

robgstiesy of the rate ond ghase caloulation by confumation of caleulsted vaduss wn

the mudtiple modely, s will be disoussed below,

E LA A evident Doy the example shown in Table 1) cortaty wodsd parameter

vaiues apphisd to the models wee Massumed” valuey, These assumesd valugs an be based

kS

orewell tests or other provioushy-roeasured vatoes for those paravasters. Or, sltermatively,

the assamed vadues By these parametess can be values that were pensrated by other
models, or wmodeds for other wells in the production Beld, or even \smg‘\ wken from g

Ry ‘ﬂpiw,
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LI According o an embodiment of this invention, howsever, these assumed

values, which arve conveationally considered o be coustant values, are expressed as

. thar mathemmatioal

e’

functioms, It has been discovered, 3.@0;3’;?«;&;33{ o this iy

avds 1o oroate v dyname moedel, BExamples

Functions can be used 1o place of certain oo
of valoes that couwventtonal models drealy ay comstams, and that can be evaluated ax
functions secording to cmbodiments of thiy invention. melude reservolr prossure,
productivity index, gas-oil ratio, and watercol, These parmmeters ape tllusirated 1 Table
bas “assnmed” valoaes, According to ombodiments of the invention, ong or more of these
“assumed” parmeter values gre oxpressed g3 fanction of tme or & fmetion of another

parameter. For example, mssevolr prossure may be expressed as a function of e or of

cwrmidative production or of both, Waloront may be expressed as o fonetion of e,
while productivity index may be exprossed ay o function of @ time variable, and as a
function of ond ar more of pate, watsrwut o gas-oil rate. It iz contemiplated that the

Functiona] sopresstons used for these Vasswned” parmmeders can be yeadily evaluated for

a given applioation of the model to current mwasnremenis; for oxample, if time 5 3
vartable, o thasstany of the measurement data o some other indivation of the effective

time for which the model caleulations ave 1o be pesformed can b sastly applisd  the

e varabde fonction, Por exaaple, i thneerate of change of reservoly pressure can b

estimated from provious caloulations, the foput parameter valus of reseevedr pressure fute

the selected model can be rendily caloulated from previons messuromends aad estiroate
and used as o current reservolr pressure valne for the woded along with camrent presswre
and ternperanie wmeaswremnents.  The “loagevity” of previous measurcrnents and thus the
fongevity of the modelbitsell can be greatly norsased, Thisapproach also avoids the vee
for sterstive changes 1o, v Werative optimization of, the well model, and alse greatly
assists the providing of acturde wate and phase information on a neaereghtime and
continmny Dasiy,

T Flgare 4 ilostrates an exampde of the construction and archilectire of

sepver Sa, sconrding 1o an embodiment of the vention, The arrangement of sepver 8a

]

shown i Blgure £ 0y presented Iy way of example oaly, it being undenstood that the

partiondar sohitechwre oF server S can vary widely from that shown i Biguee 4
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depending on the availatde technology and on the partivular needs of a given instaliation,
bdead, sny conventional aervver archifectore of sopitable computational sud storage

for the vedwne and Trequency of the measurementy involved in the operation of

[
o
o
fo
<y
p5H
=
Kot
i
-
N

St

thiy enbodiment of the fnvention can be used to oploment server 80 As such, the

construction of server 8a shows in Figue 4 i3

bt o pelatively hugh level, and iy

oy

mionded  merely e dlhetrste iy basie {oactienal componeis acconding to ong

HEYABEOIMSH L
BT i thiy example, compmunivationy interface 18 of server Sa 1 v
commtications with dety scquisition systems & @t platforms 20 Commusications

interface 1 i corstroctsd according o the particular techunlogy used for such

pornrauication, for oxamply twleding RE  transcsiver  cimoniy  for wirelsss
comprunication, and the appropriate poacket handling and  modulation/demodiiation
cireuitry for both wired and wirgless communizations.  Oommnaicationg interface 10 1
conpled 1o bus BUR froserver 8o, i e conventional manner, such that the measnwremont
data reveived from dats acquisition systerns & can by stowed fo dats base 13 (ealized by
wiry of comvertional disk ditee or othor muass storage resowrees, and also by coaventional
vandon access niernoey and othey volatle wemory forstoring intenmediate vevalts and the
fthey under the contral of contral processing nnit 15, or by way of divect memory acesss.

{Central processing wit 15 in Bigure 4 refers o the data processing capability of server

Ba, andd as such may be implemented by one of more UFL oorgs, CO-Drocessing eurcuitry,

and the HRe within server 8, execating software routines oeran raemory 14
or accessible over petwork inlerface 16 {Le, W exsvuting & web-based or ether ronote
application).  Program memory M omoay also be realized by wmasy storage of mandom
ACCTHY MEmEy resnurces, in the conventional manner, and may i fact be combined with
data base 12 within the same physical resourcs and menrory sddvess space, depending on

she architecturs of server Ba

T Server 8 I8 accessible o remote acosys terminals BA via ssbwenk
interface. B, with romete socess terminads RA vestding on o local aves network, or a wide
arew petveorkosoch gy the ntervet, or both (as shownw Figwe O, Inoaddition, according

y thivembodimens of the nvention, sgrvey Sxcommuinoston with another sevver Bb wia
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setwork intorface 19, either by way of ¢ local aree network or via the Iverast, Server 8b
way be stmdladly constructed as server Ba desoribed above, or wmay b constructed
according {o somne other conventional server architecture as known y the ol In any

et 1 18 contorplated that seveey bl inchude o contral processing wmit ov othey

prograrnmable logie oy processor, and progiam mernory or some othey capabiiity for

soving OF aUguining program instructions acoording fo which s operation as comrotied,

As will be deseribed i further detail below, servers 82, Rb are ara

ps

o operste

fiferont software components from ene another, sccording o this embodiment of the
invention. A meationed above and as will bo sppavert W those shalled w the art having
reforencs to thiv specifivation, servers Ba, 8% may be nealized by mavy vasiations and
abternative architeoturey, Invluding both conratby-focaad and distribated architectures 1o

ureed wnd desenibed shove,

that shown i Fig

FOERG) Figure & Hustrates an example of @ software archifeciure realized

servers Ba, 8hand oot socess erminads RAL by way of whick the moatioring system
of this embodiment of the toveation i realized. The software mnduley and apphcationy
iostvated o Figwe 5 as being performed by or residend upon @ particular compatsy

vesonrce {server 8a, server €y somiote access terpunads BA) wre one embodiment of this

e
i

invention, as thiy wrangement is bolieved o be particularly boneficial in the applications
and wses of Wil nvention repmding cobventional hydrocarbon production fields. By

comtomplated that those skilled in the @t having reference o this specification may vary

the realization of the software architecthure of Figure 5, for example by o difteren

£33

arvanpement of servives ¥a, 8 or by realizy

g more or i

wr applications and modules on
differemy ones of the computer resonrees, It is also contemplaed i those skilled inthe
art having reference © this specification will alve comprehend thar the sedbware
archifecture dtself can vary from that shown i Flguee 5 and deseribed horein, withom

departing from the scope of the invention,

{LINSE ] ncontemplated that the variows software

for implenenting the monttoring systent of this embodiment of the nvention constinge

computer software programs of routines, or packages of prograns of

exeonted by the contral processing unit {e.g, conteal processing ol 13 o
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X

Figure 4) of the illustrated computer rosource, Ay sueh, i i contomplated that thess

covnpriler software programs Hlustrated in Figure 5, as well as soch Mgher level programs

fnol showny contolling the overall operation of the wystem, are stored 1 program

memory of each of the computer resowrces of Figwee § {ep, program memory 14 of

servicer 8a, a8 shown i Brgure 4y or are otherwize made avatlable o these cowputer

In thde regand, it s contomplated that these compiter programs, packages

wodales, and software

e provided to the computer resowees of Flgue § by

way of computer-readalie masd in program memory or other

coventional \\‘\i\& al, magnetic RS other $tor RS reagurens at Fhoss LCTPRLST FOSOUTLSR, OF

communicated thersto Qs vay of an elecrenagnetic carrier signal upon which functivaad
deseriptive material corresponding o these computer progravny woncaded, Inaddition, o
is vontemplated that the focation at which tne or nwwe of these cemputer programs is
restdent may be ditferent from the compuier resouree exccuting that Compmuer program,
such as i the case of the so-called Mwebebased” application pograms, These and other
vanations on the hardware and sefbvare architecture of this emmbodient of the nvention
are cottmmplated to be within the seope of the Invention as herematter claimed, avwill be

revcgnized by the dalled reader of this specification,

more datay Ristorian

o]

sl Asx shown in Figure 3, server 8a includes ong o
software modeles 200 These datg historian sofbware yoodades 20 manage the storage of
meoming moaswrement dada from data acquisition systems & gt platforms 20 in the
cevs of these hooming massroment

EN N ;:»i* of Figure 1, as well as the stovage and ¢

Teure 50 In addivion, data

e

data by the other software modules of the architecturs

historian modides 20 alse manage the slovage of rate, phase, operating state, and other

regservedy performancs paranetars detevmined by the moniiosing system ac fg o this

asfnboditnent of the nventing,

>3

LT Sevver B also executes Interface wmodule 22, which conmmmicates with

3

remte acvess fepminals RA via web service funetions 23, Each web service funct
at server Ba, and ehewhers in this system,  realized by o conventonal software sysiam

that supports interoperable machioe o waching tersction over the network, and way de

,-»

of a web application program interface, for example by hondling XML
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messages, Ay knows i e . Interfaoe mndule 23 provides user avcess o the
wonitonng systenn of gu erobodivoent of the fnvertion, for example by way of web
browser apphication 25 ruming on a ohent revede avcess rminal KA ag showin Figure
A Interface wmodule 22 thes responds to HTTE commands from olient romote aogess
23 sraten the

wed wvin the copresponding web service 33, and

,
i
#
5
“
4
%
ot
=
%

tervminal

o

corresponding web page or other ntersetive display of Held data, calowlaied porameiers,
and other nfonmation requested by the homan user. Web browser apphioation 25 1
contemnplated o be the poimary output module 3o the human aperator, for purposes of

monttoring the woll mod resereoiy assets, nocording w0 this ombodiment of the invention.

{1841 I addition, snother web service 23 associated with interface module 22 &t
server Sa conwrmanioates with model verification apphication 26, alve resident or executing
at cliept yemote accesy fenmingl BA A will be desonbed o fasthey detai] below, fnvthas
srobodiment of the inventien, model vertfication application 26 i a standalone

appmmnn that permits the hoeman wser {op, potroleurn englneer, reservolr enginesy,

ey

raton, echnician, or other user of oporatar o manage the well models used

by the monion

1 system of embodiments of the nveation, o verify the model results as

e

produced by the moitoving systeny, upload sew oy updated models futo the 3
otherwise maintain the models used by the system.  While this specification refers
primarily to hvnay weers, 1 i contemplated that the wiers cantadso be non-Tisman we

comprised of computers or othey eguipnnent capable of rweciving, analyzing, and aviving

at oo decision o plan of action, sehich can thew be tansmited or othenwise tnpul wto the

i, Vertfication and adiustmsnt of these well models an syvoir models can be

carvied out by the huan operator via mede! verification application 28, This verification
and adjustment can be based on setual data acquired from the fHeld, for example by
dewnhde prossure ttansdacers PT and welthesd transducers WPT, WTT,FT g8 shown in
Figare 1; w addition, exiriasic data from wall tests and the hke may also be input by the
human operaier, and wsed in model verification apphcation 26 o vo verify and adjust the

cuprent well models.  As evident fomy Flgme & model verification apphoation 26

oy
Ag
¢

prederably has access oty own well model 27, o well muodel package, av usebul in sugh

verfication.
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TR According toan smbodiment of this inventioa, server 8a inclugdes floow est

-u

woitor modide 83, ay showa w 'E:iggi.sfe S0 Av will be desortbed in forther detail helow,

flow loxt monitoy wicdule 85 recebvey and processss measwrenments sbtained during flow
tests of individagl wells supported by sepvers 8. This processing ineludes analysis of the
How test memsarements 1o deterndne whether the micasurament daty are of sudlician
guality amd stability that valid conclusions carr be drawn from the flow test. Flow test
wionitoy module 85 alse imerfaces with data Nstortans 20 for dorage of the How et
sesuits, These flow test measwrements and data stored by data historians 20 can also be
commnicated 1o a ey vig intevface 22 and web service 23, for display i s owindow of

a8 tapminal BA, av shown i Figure 8 A maore

withy browser 23 a3 olient remote ao

detailed deseription of the processing by How test monitor §3 and the display of flow feat

sesuity will b provided below, Furthesmore, as shown o Flgure 8, How test monitor 83

also receives signaly from the production field, speaifically mchading st

wals wndicating
that the outpot from one o more wells By been routed 10 o How metsy or othey

measuring  device, which untiaies data gathoring amd processing of the Uow fest

&

misasurements by flow st monitor wodule 88

HEDS S Server Ba also executey oplouldgtion scheduler module 24 4w thas
eothodimert of the fnvention, Caloulation scheduler mndale 34 i3 ¢ software module or
package that provesses the measurenient data stored nrdatabase 12 of server Sa under the

surement data cludes such

ortrol of data historians 200 The proecessing of this me

svosioothing as degired by the monitoring system, a8 may be ndicated by other

s isedl, o s omay be indivated by ouser inpul I addition,

calowdation schoedeley module 24 abee initinles proschoduled  momtoring analysis

acoonding to thiv embodiment of the imvention, by way of which monitoving of rate,

a»

phase, operating mnde, oo, of one or more welly W weipd ont periodically and

mpematioal §,‘ without !f‘k{ii‘!!“k?j nser tiaiog orinvocsiion,

a8 The monitoring systemn of this embodiment of the Invention also inchades
one af wove online servers Sb on whoeh the vartoos pradictive well wodels reside and are
executed, In response to curent and stoved megsarernents for g given well W forwarded

Ry

fromt server Sa. In this oxample of the sefbware architeotwre of the syster as iHustrated i
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wey B invludes model service manager mndude 30, wivich ivertaces

Flgune &, online
with server 8¢ by way of seeb service fonction 23, and which tself 13 an application tha
sxecuiey the calculntions in an automated manoey, bassd on ane o mors selected well
models 27 apon regeest by calovlntion schediulor modute 24 of sevver Sa, and upon data

comymunicated thereto by server Ba, sweh dary mchuding levapeeature and pressure

moasureraonts sequired from o well Woand associated with 2 partioular point in thme,

atong with other nformation weleding assomed o evalosted woedel paramet

ke, Model caleuviations exeouted | el servicr manager modile 30 can alvo be

reguested by model serification apphogtion 26 of chont revacte aocoss fermnal RAL

T

Acvording to this architecture, model servics modudes 32 slse

stde ot onling server By
with web service wodules 23 oy hutetfaces, and operate to execute sell models 37 ¢
Pogeprooessor” manies, invtantiated by moded service manager modale 30 in agrver Sb
In this architectuse, multiple model service modales 32 are provided, each capable of
applving @ selected ove of well rwodels 27 1o a Jdate st all ander the managemerns of

\

pstance of moded service managey module 30 can

midel servics nisiae

wanage muliiple wstasees of model servive modules 320 1 iy contemplated that mode]

Py

service mranager module 30 can select and assouiated any one of the availabe well

Ny

af well models 27 by el seevice magager modude 30 and model service modules 34,

the vesolts, ncluding rate aud phase calonlations and the hike, are communicated from

server 8h backto server Ko over the nenwork!

FOURR] Apveaching to an embodiment of the lnvention, server Bb alse includes flow
st software module 80, which i also sssociated with a coresponding sveb service

X

module 23 58 an nrerface betwesen fow st modude Bl and other software modules in the

%

systont, As will be described i further detail below, flow test modale SU roceives recent
and Ristorizel flow test data frov server 8a, under the control of caleulation schedualer 24
or the Bke, and manages the colibeation and updating of well models 27 based on the
vesult of such flow tests, Validation of opdates toowedlvondels 27 as aovesodt of flow tests

ded ve

»:
o

can b carned cut by a YOl anginesy S USET VIR B tion application

Cwhicl interfocsy with flow et modale 80 vig iy web service 23 in thiy architectuse
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Flow teet module 81 s alve in communieation with model sevvice manager 30, by way of

which it cau inithate evaluation of one ov more well modeds 27 for purposes of caliboation

OF ¥ 1 relative fo recently received well tost messureninnts, as will be desoribed
bolow,  In sddition, How test moduede 80 can wolnde functonality for ioesliigeatly
sebeduling fotore Bow tests for the production Seld, and communicating the devived
schedules to interested users, such g5 the potrolewr onginoers and rescrvolr engingers, as

will alno be descrtbed helow,

FOORGY While the sof

warse architectury acconding o gy embodiment of the

imvention i desoribed above for aosingle ass iy adaptable 0 2

given production

&

ultiple-asaet enpviromnent, cievering mudiple platforpw 2 within a

Iovated i muoly

/,

fickd, o welly

soparate. production fivlds, IF desired. Flpure 6

iHostrates the software avchitecture of onling server €0 as deploved for a rouitiple-asset

plementation, I

ped

this exarople, nmitiple fnstances of model service managsy wadules

3t through Mo are instantiated st online sorver Sby each in conurunication with ane o

c'

s

nove ealvubation scheduler modules 240 throngh 288 at oo

sponding cues of nudipls

¥
b

servers 8a. In thiv example, caloulation scheduder 240 b fu corpmmnoation with madel

servics managey modide 308, and i yoonitonng rate and phase tformation for two assets

AT and TETY Two caloulntion schedulers 2db, 240 are o communmication with another

instantiation gt culine server 8b, vamely wiodel servive nanager module 300y calenlation

scheduler 24b and calonlstion scheduler Jde carry out the rate and phase monitoring for

pe iy

and T, regpectivelyy. Chaloulation scheduler 244 48 in

~

sepavate assets
srrnunicating with & thivd model servive manager module 3o at online ssresy 8, for

surposes of wenitoring yet another prodoction asset {77,

{09 B thoy madiple-anset realization, gach of model servics anager modules
30w, 30b, 3¢ can mavage any one of modet service modules 32, and indesd can manage
snadtiple model service modudes 32 8 reguired 10 carvy out By taaks, Conversely, eachoof
model service modules 32 can service auy one of wodsl service manager modules Mg,
30k 300, I oach case, mode] sarvice manager modales 30, 300, 30e seleot and wanage

the partioudar well model 37 waed by the model service voodules 32 thet B manages
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(3091 Reforing back to Figure 5, an additional remote acvesy weminal RA
iHnstvated g supporting and executing sdvoinisteation application 28, in comnbuaation with
a selected well model 270 Thyy reowste acceys tepminal RA oxecuting adiministation

application 2R Iy in the role of an adedndatrator for the systerm and ag sach, in thig

example of an embodiment of the Invention, has aeeess to model service managey module

3 \

30 and each of model:service mondudes 30 residens gt onling sereer 8b snd o flow test

wodole 800 Under the operation of & homar opevator, admibsistration application &8

reaghieshoots model service punseey module 30 and sach of model service

b

monitars and

modules 30, as weall as How test nodele 88 Foroex

operationgl logy of moded
survice mavages module 30 and model sprvice modules 30 can be mviewed, amd the

o~
i

operational vesalts of those modales 30, 33, can be roviewed and snadyzed by the human
operater. Covfigurations of model service manager mndule 30 and model servies
modules 30wt online sorver b con be amended via sdoinistration application 28

Speciiic caloulation reguests by g selscted one of model service manager module 30 and

Fate s o

e

sepvics modules 30 can alse be made by administation applicstion 28, as may be
psefud iy connection with the monitoring svsteny of this eonbodiment of the nvention.

o
i

iLed fﬁtﬁi’w}?é’ng now to Flgare 7, the geversl opmration of the vate and phase

monitoring systom desoribed shove, sccording o g embodiment of the tnvention, will

soew be deseribed, By covtemplasad that the operations of Figure 7, as tlostrated in that
Flgnre and in the move detaled Fiowres desoribed horety, are oarvled out by the execution
of compuigr programs by the central processing waits sned other progravarnabdle logio fn
the varlouy computing resowrces shown dn the exaple of Figure 4 wving the software
archatocthure. desoribed above In connection sith Flgures 3 and &0 B is further

contemplated that tha

SO RIRE programs ean be readily

eated by these slalled in the
art having reference o s speoification, o the functional desenptions provided i thig

specification, using conventional programming skl and rechydgue i combination with

existing software packages a8 sppropeinte, and withom undue oxperimentation. i also

.

contevplated st those skilled readers can vary this operation from that deseribed 1o this

speuiiication without departing from the w

spe of the invention as olaimed. Accoordingly,
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this operation of the monttoring systern aceording to thiv embodiment of the lnvention I8

dessortbed by woay of evamaple ounly

15083 Liata from one or more welly Wi g fleld are collected and ted in @ near-

seal-time fashion to caloulation provess 33, "This “neas-realtime™ datg collection re

the mensurements betng acgnived duntng oporation of each monttored well W oat relatively

frequent tntervals (e, ay often as cawe per speoanll, with the data correspanding to those

kY

&

Toasirernents associated with a e of collection by data auquisition systerns &, and the

crated data Forwanded o sers {(Figure 1) B is ii-;i?i’itﬁi‘iﬂpiﬁiu.“d that this

wddata by data acqguisition sysionm 6, to servers 8, will be relatively

forwarding of acquin
frequent, dut pot necessarily on 8 measursment-hyameaswrenent basis, For exampis,
current-day downhole and wellhead trovsducers goquire measureraonts as froquently as
opce per seconds B e confemplated thay dats aogquisition systeams 6 will obiain and
process those measurements for a given well over some tme indoval and the
poriodically foreard those processed messoroments for the fnterval o Sovvers 80 Py
example, it is contomphuted that the forwarding of avguivad dats to servers B will ocowr on
the order of g fow Uraes o minue e, overy fiftcon seconds), Ax will be desonbed in
furthey detal]l below, calondation process 38 applies these recerved measwrament data W
one o more madels o esthmate rate and phase, and operating stue.

REEa Y it in also coutemplated that calovlation process 33 will ikely not e

&

gertramed for @ piven well W each time that data sequisition systems § forward data to

4‘?

servers ¥ for that well W Bather, it iy contennplated that caloulation process 38 will be

performed pedodically, for example gt » perlod selected or determined by @ homan user,

For example, it v contamplated that, for many applivations, the freguency with which

RS

.

sox 3N i cavvied ontwill vary from as Treguently as on the ovder of sbowt

cre ey Tive minutes, o the ordey of about nnce every one ov twechours, However,
ity conteoplaed that the monlloving of thiy onbodiment of the veation Ik

¥ g

his operation of caloclation procsas 38 procesdy fn an antonaied

ity

Prontinueuas” g that
sumer, docording tosach o seleoted frequeney or poriodionty withowt regeiring imitiation

by o humen user, OF course, i i also contemplated that & Duman e can uitiste

.-
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caloutation progess 35 Yon demamd”. separately S My oontivunuy opesaticg in thig
QB

HEBUY Frgure § jllustrates the operstion of caleelanon process 35 in further detarl

Easch instance of rase and phase caloulation procoss 35 bogins with provess 48, in which

cerver Sa colleots dan

fx/

from well W oand dadabase 120 In particolar, soforring 1o the

architecture of Figwe &, caleulation scheduler sandule 24 mumages data collection process

48, tn eooperation with daty listorian modules 200 According o thus ewbodivaont of the

inveation, the messursrnent data collected in date collection procesy 48 can includs data
correspondiing o mossurenents of  prosswre and emperature at the  wellhead,
wmeasarementy of downhole pressore and femperature, messurements of pressure and
emperature vpsireant and dowastremn of the wellhead control valve g valves {choke and

saslift), the position of wellbiead contral valves {choke and gaclifl), and propestizs of
Huid samples. OF cowrae, not all of these measurements will be available from every well
W,oor at all times, By addivion, Bl contemplated that the Hreguency with which these

¥

measuroments are acquirad will vary from measurement to mmasurensat.

R in conventional monitoring of hydrocarbon welly, sensor dita i typically

pterpreted as unchangad anless B changes more than o specified amounst -~ a provess

often referred o ay “dead-banding”™. Dead-banding s often wetul] bacause i can redace

the necessary data tansnuiasion capability of e b, o redeoe the volume of daa

anannitted, of stmply i madntaining & “legacy™ approach o the wmouttoring.  Henwewer,

5,

dead-banding inherently Huuts the resolution of sensors, and ¢an also have the effect o

> the actual performance of the sensors. Ax sued, i this embodimest of the

ot

invention, sonsar moasurement dats is collected in procesy 48 withouot such dead-banding.
This non-deadbanding approsch snables predictive well models 27 o compemsate for

s

1

ot

.
sensors, an will

]

macuurate seasors, or even calibrate the outpt fromy the hacaate

P
i

desoribed halows

FR0YT i addition, data eollection process 48 acguives cunrent estiniates of veanaim
well and reservolr pavameters from database 12, vig dats historian modudes 200 As shown

%

i Figore 8, dutabase 12 stoves vate aod phase values that have been proviousty calonlated
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fer wells W, for example o dutabase ontrigs such s ontry B, I this example. satey

B3

B inchudes stoved values for sate and phase, ddong seith an idewtilier of the well for
witich those rale and phase valuey corvespond, aud a thneStamyp indicating the ume
Gnchuding datey of the meassrements to which those rate and phase correspond, Othey
information, nelading measured, assumed, and caloubated vatues, way also be meletded
i each euiry Eoo i database 12, As osuch, iy datg collection process 48, the ourrsmt
extunates of well and reservolr parameters for well W othat are to be apphied o the next

rate and phase caloulation instance are wtneved from one o miore eorresponding ontrigs

The cugrent estimates reirteved from dtabase 12

for woll W in process 48 inclade

the most vevently calealated or othorwiss satimated phase conditions for the How fam

well Wofep, walorout, gas-oil rafio, ete), and meservolr padformoanee {g.g. roservoi
prevsun, ;}.ﬁ‘&:«d’ucii vity index, efe} of the resesvedr fnto which well W iy deploved.

According to this embodiment of thix fyvention, one or move of these Quwrent estimaies
can be dertved by evaluating o function, rather than by adopting an assamed valug, Ay
kpown i the s, conventional well models operate on the assumption thal cortain
paramneters can b expressed constants for g aiver well Woor over 2 pasticulor reservolr,
Examuples of values that thess conventional waidl models typinaily tregt asy coustants
inchude rosorvol pressure, productivity index, gas-oil ratio, and water out, s evident
fromn Table 1 desoribed above (e, in conpection with the parameter valvey indicated ay

L

CAST, meaning Vassuraed” valuesh. As such, these conventional well models typically
opevate ab a “onapshot™ poind b fime, applying the most recent measoremsnts from well
tests, values dotermined by other modeling systoms, and the hke to the model, along with

the suxumed constants,

HHIONY The monitoring wetern and method secording to this embodiment of the
mvention, bowever, s interded o operate g nearealtine mauasr, based on the
vedativedy bigh Begqueney with which new downhole and eelthead measurements can be
obtained. But not all perameter velues are obtained ab cach measuroment point i Gme,
o arecestinues calenlated for-each point 11 thime ar which rueasurements are obtained,
aven though the comditions of well W baing monitored may be changing over time of ay

proddnction continues. Agcording 1o this ernbodireent of the Invention, therefore, o o
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d as g function, rather

s

move of the Tasswned” values applisd to well models d

than as o constant, and that fenclion v ovaluated &t the point in time, or i cumlative

st which the curront

production quaniity, of the ke cwrresponding o the
measureners wore soguived. Some of these paramneters that oan be expressed as a
Fanction rather theet o corstany nclode peservady prassme, which may be axpressed as 2

funetion of tme or of cumalative production or bathy prodectivity index, which may be

expressed as g foncuon of time; and one or mwore of the pavarosters of Jow vate, walsy

out, o gas-eil ratio, cach of which sy by expwessed as a fuaction of time o comulative
production quantity,  For oxample, i resereoiv presswee &t a ghven well W ohas beon

cinerved 1o be decreasing over Ume, bused ou veel] test resulty o gvegy on the recent
history outpt by the monitoning sestern of e swbodiment of the inventon, the

X

abserved § pxed o derive 3 time-based

pressure ab o corrent point in fime based on those past observed pends, The Tunctiong

may be relanvely sinmple lnesy functions of tune o cumudative produection quantity, as

ol and F uselul in

thy cane wiay be, or may be expressed ab Bigheraordey functions i desire

improving the aceuracy of the evaluated resolt. By treating theve parameters as functions

k¥

i this maonen the Vlongevity™ of the well wodels can be extonded, such that the
accuravy of these modely ay owrpently configured can continge for & substantial dme
withoot additiong] seell fests and the Bhe In any case, the evaloaded results of these
functiony ave they collected by process 48, In lew of assumed constant values, and

applied 1o the well mwdels 27 in the wmanner descnbed below, to derive rate and phase

axtimiates.

HEL Ouee these daty and satimates ane collected By provesy 48, sevver 8a noxt
serforms process Moo dotermime e current operating state of well W ohased on these
measurervents, I s copteryplated that the particalar well models to which the collected
measurenient data are apphiod ave proferably selected according 16 the curvent operating

state of well W For exargple, cortain hydisabios well vaodels my b wore soitabde for

use fu steady-state production, while other hydraulioy wall models may be more suttable

o~

during the transient perind following stastep of production. In addition, these well
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models may depend on the particudar well W oitselfl cv perhapy s previously observed
characteristios of the production fleld gtwhich wall Wi tocated, For example, the phase

for a few hours

of the Had from o well Womay be dominatsd by gas

following wlartup (Guving which certadn well models may be more appropriate), b may

fod

mave hittle or no gas phase theveabter {doring which other well models may be mowe

appropriste, and during which other parametors such ay waler composition may be muwe
paportanty. As soch, sccovding to this embodiment of the nvention, process M

dotermines the current well operating stade of woll ¥

o

LHEL With reference to Figure 5, §iv contemplated that this progess 30
executed by server Sa as part of calondation scheduler wodude 24 Thie determination of

cuirent operating state for well Wi performed by calonlstion scheduler module 24

combination with moded service manager module 30 and moded service roodule 32, based
on the most recent msasirements obtained from well W oand stoved by data historian

modutes 20, as will now be deseribed with reforence 1o Figuee 12, by way of exanyg

general, the messwements utilized fn thixy determunation of operating date wnclede the
positiony of choke vabe T and other valves af welthead 8, and the variation over recext

tiipe of presyure and teniperatare weasuramnents at well W

HH LR fn the sxample of Figure B2, five potential opesating sates 51 through 85
for seell Woare dhustrmied, along sith condiions that can cause & tramsition from one stale
to another. Stoady-siate shot-do state ST corresponds to o well W theoush wiiich no flow

s passing, while steady-state producing (o injecting) state ST correspondy to the state in

wittch well W is passing foid iy oo relatively steady-state, The steady-state statex 81, 53

canr be intially deteoted, tn thiy provess the position of choke valve 7 wr
other vabves 1y the prodectio Howhoe of well Wi any cue of those valvey s sepsed o
B o g closed position, seady-siate hutan state 81 s deteeted, because of the ateenes of

flow necessartly rosulting i thae condition, Conversely, 3 choke vabve 7 and ol ather

valves in the flowline sre open, steadyestate produving state 52 can be entered. As

evident in Flgore 12, steadbv-state produecing state 82 can also apply o svell W obelng used

as an byecting welly the distinerion betweesn producing and hystting steadyestate
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Siorwell W

abrly e based on wlenttfving imformaticar stove

conditions v pre

1 database 12,

ate of well Woas 3 makes

15163 Transient stavtup state 53 corrgypondy o the
the aperational ransition from the steady-state shut-in state S to steady-state producing
state S2. According to this embodiment of the nvention, bansient sty state §3 iy

detected in provess 30 based o calonlations miade accnnding 1o a predivtive weadd ranaed

R

7under the control of woodet sotvics manager 30 or mode! sorvies wodule 32, calied

caloulation sehedider module 24, based ou the applyving of the

T The manper in ‘A"‘hiﬁ?h

measrements ab well W o one ar more predictive well models

such well models 27 derpee rate and phase wforaation will be deseribed in farthey detad
telow, Also according o this embodiment of the vention, changes in these tompersiure

and pressuve measureents over time coan indicats the preseuce of Hlouid Bow throagh well
W, The detection of increasing flow, by way of changes In these wesswe and
EIMPETATHIG MeASUEMSRIS Over recont ime, thos causes o transttion o the operating state
of wall W from steady-state shubin sate 81 to transient starbup state 83, and deteeted in
provess 30, Simblary, based on the pressure and {emperatnre msaswrements gy apphied 1o
predictive well models 27 forwell Woindicating, over recent time, that g von-asre How i
prosent but v not substantially changing, o Wansition frean ransient starb-up state &3 ©

steadyeatate produciog state 83 cocurs, and s deteoted in provess 30

L83 Conversely, fransition from stoadystate wing state 8T to wansient

s

shutting-iy state S4 can be detected, in procsss 50, by the pressure and temporaturs
wsasureents for well W ohndicating, over wecent tme and by way of ong v move
pradictive well models 27, that the fhad flow twough well Wiy roducing. I these
pressare and rempersture megvarements avd well modeds indicate that theve Is vo How at

all theough well W {despite all vabves baing open), & ansition divectly from steady-siate

prodacing state STe steady-state shutin state ST can be dotecied In process 300 This

e

conditton gan exist i an obstroction becomes lodgsd soemewhers dn well Woar i

.

production Hosvline, Finally, the transition from travsient shutting-io state S4 w0 steady-

Dy

state shut-n state 51 8 detectad, o process 30, by either the pressure and femperaturg

.‘

measwements indicating no How theoagh well W, or by detection of the clesing of &t

Page 39 of 82



WO 2011/042448 PCT/EP2010/064858

feast one vabve 1 the production Hlowline. Conversely, if the flow stabilives, albeit at o
tower lovel than previcusty, as indicated by prossure sud etoporainm measurvents

monitored over B i prooess 3, a tnunvition back W steady-state producing state 82

cabedetoctied,

LU EHRY Finally, various ooy or sbuormal How conditions ann alse be deweted by

epevation of procesy S8 fn which the operating state o mode of well W is detected

according fo this cmbodiment of the nvention. As known in the an, the erm slugeing”

sefers o the condition of 3 well v which one phase buthds up rapidiy in How volumser this
transiont can induce surges in the slugeing well itself, and also in neighboring wells in the

wroduction field. Figwe 18 Bhastvates slug ate 8§, which can be detected according

Y

to thiv embodiment of the inveation, by apphication of provsure aned lemperatwe

rasurEments o o or more predictive well models, byway of wehicly the caleulated raie
ans! phase information irhicates a boildiup of oue phass wedative to the othery detsetion
of thisx condition over osnt NS RN a ranstiion 1o sfi‘;‘:gging state B3, which is

date 83 back to steady-

datected in peoeess 500 Conversely. o transtiion from siu

state producing state §T can be detected upon sonsing stuble rate sud phase values over
vecent tme, based on application of teruperatare and pressure msasurenients for well W

o the prodictive well models,
LR I thiy ey, the operating state of o given well W in detected noan
automated manvey, Tram vabve position sigualy amd also measurementy of pressure and

tempersture downbode o gt the wellhexd or both, ot thay well W, A dliscussed showe,

u

”

selecton of the parbiendar well models 27 1o which the collected meaxorement datg av

P

be applicd may depend on the operating state of well W othat Is dotwoted i process 54,
and alse o certaln charscteristion of well W hal have teen previowsly observed o

s o database 12 or otherwise known by caloulation

assurned fsuch characieriviios ¢
schedoler module 34 for well W As such, the operating state of well Wi retained upon

N

w3 8, following which centeal passss to deo

complation of prove 1 3.

RIS Axowill be ovident from the following desoriphion, the computational effort

required for caloslating e and phase osing maliiple models can b substantial
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Agverding to this embodiment of the fnvention, gevious results of the rate and phase

o%

caloulations are “vached” 11 o romory resonrce, for exarnple databose 12, so that the

compuiational sffvet of evaluating the wodels van be avedded i the reveived data {5 not

substantially different from the provioes ealonlation for that sswme well W, Cadonlation

cduber roodule 24 i server Sath execaies decision 51 1o determine whether the

A

\"{

mest e et of measnrment data acquired i process 4% has substantially changed

from one op more recert caloudations of vate and phass, talby constdening that the

sate gnd phase detenmination acoording & iz invention §s inonded o spproach near-

ke

al-time monitoring, decision 31 analyzes the data collocted in process 48, wclading

ot

wily the recently oblaiued measwrement duta from well W oand alss the moyt recent

current ostimates from database 12, o determine whether the value of any paravacier in
this most recent data has changed, relative to pravious valies, by more than a threshold
amount Gr poreentage. B i contemplated that the partioular change threshald fora given
menzaramens can be untally st toon dedaelt vel, and thereafier modified by 8 hunan
gperator, for example via administvation application 28 o model verification spplication
26, However set, the threshold synount or peresrtage should coprespond 1o 8 relatively
singll change 8 parometer valee, t ensure thad sueh @ amall change in the parmmester
vatue will not affect the caloulated rate and phase resulis. The comparisons of decision
31 van be perfonned between the received mvasurement and the single most recent
measurernent value, or alleroatively the comparisons can be made tn a weighted manner

selative oo sesdes of recent megsurements, Ar mentioned above, the threshold ¢an be

,«,.a

based o a percontage change in the mpasuroment value, or altematively on an absedute

measare of the partealay pavametsd. I po messured (and compared) parmster hay

1

changed s value by more than the threshald amount {d N3, the provioas

vate aud phase results ave stored again bndatabase 13, protorably by way of a now eutey
Hooo dn which the same mte and phase values, and o infoemation, we stored i

association with the indicgtor for svell Woand @ currend troo-stamp value corresponding

-

he e ot which the fate and phase odlimutey are to coppeypand {fe, o tme

gorresponding 1o that at which the moeasuroments weore taken),
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(187 Gu the other hand, if one or more measwred paranoters have sufficisntly

changad 1o vilue o exceed the respective threshold amonnt (Jocksion 31 s YER), then

one of more prodictive wadl models 27 are 1o be evaluated baved on fie gewly revebved
measprement data gathered In process 48,0 As shown i Figwve 8 thiv well moded

calowdation s canvied oot Ty caloudation control algoritheg 33, through the wse of well

&

As desoribed ghove relative © Figures § and & 8 1 contompluted that

vill be eyecuted by calenlation scheduder 24,5

calenlation control algorithm

N
L

server #a, calling o instantiating model service manager 30 in ondine server 8be which

ftself applies the datn collected in process 48 (and communicated thereto from server 8a)

g S

1 one of more well models 27, and which adso calls or instantiates oue or more el

-'3\

servics mododes 32 16 also evaluate well noodels 37 upon hat collected duta, as pecessary
for efficient operation. The resuits of the evaluation can then be relumed back o server
Sa from server Sb, according o the example of the sreldtecture Hastented in Figures 4

and Juitixto be undeestood of course; that the commmanication of dats and resulty will

v oand appropriste for the pamicular system hasdware and software

arehilectore used W o ut the monitoring fupnetions of this frvention

s
gk} fu general, sy evident from Figwre B, H v contemplated that the veceived
and codlocted dats from process 48 will be appled © move than one well model 27, cach

such well model 27 generating fate mid phase result outpat, frony which a deternyination

of the most aecurate ealmlation will be performed in process The well models 27 10

which these data sve applisd may be sclected based on the operating state of well W

deteoted in provess 31w mentioned above, o any svent, scoeading fo this multiples

model approach, 1 i contomplated that model service manager 30 seill typicatly involve

froe

gt Of tore instancey of mode] service modude 32, sud comesponding well modelsy 27, 1o

i
efficiently camry out the calonlation of rate and phase.
FHELS Examples of the evaluation of well models 27 with measored data, in

o

process 34, will be nstructive. Table | dise ahove provides & good universe of

choke and bydvaahic well models 27 that can he wsed o connection with process 52

3R

ding 1o an smbodiment of the mveation, slthough it i of course contermpiated that

additional or different well models migy also be used
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A Figare 9 illusprates caloulation process 52a, by way of which
conventional Perking differcotia] preaswre choke model is evaluated osing data collected

323 iy carvied ont by one ot

48, Ay mentiened above, calculmtion proce

model service manager 30 or wmodel service wodnle 32, ex

cuting a covresponding
compiter progiam or routine weng well woded 27 coresponding to this diferential
wreaswre choke model. In procesy &0, the fhaid properties are caloulated, based on the
mwsasurement data covesponding o pressurs upstreary of choke valve 7 {

R s

by welthead prossure transducer WPT), pressure downstream of ofy
mwasered by downstream choke prossore tranadncer BOPTYL and teraperators upstream of
chobe valve 7 (eg, meavured by wellbead tomperatuee toansduser WTT The result of

provess 60 1y an estimate of the phase composition (o1}, gag, water) of the Huid Howiug

through choke valve 7.

THARE An Herative provedere is next carsted out, beginning with provess &2 in
which a first estivnate of the How rate theongh chole vabve 7 10 made, based on provious
nformation, Then, in provesy 84, an sotimate of the presyure drog across choke valve 7

ia devived, using a conventiona] moliphase model (sach as a Porkins differential pressure

e

choke model for well W to which the diameter of the choke opening (e g, caloulated
from stored goometre parameters for the specific choke wabve 7 at well W, in

combination with the current choke postiion weasured by chioke valve pogition ransducer

FT, and the sstimates of ’ph.as;:a composttion and fow rate are applied. In decision 65

,;

the resulting on stential pressure Do process 60 s then compared agatast the

measured  differential pressure (Lo, the differonce between the messuwred prassures

k34

upatream and dowastream of choke vabve 7 applied o process 60, B these pressure

valuey differ from one another by more than a threshold amount decision 88 1 KO, the

current extunate of the flow rate is adiosted in process B6. and a new prossure drog I8

»1

calonlated based on this adpusted Jow vate, in procesy 640 and decision §3 1s repeated

e ovcded being sufficiently close

| pressure dm{‘ fromy the multiphes

satien of flow rad

currents

. .
1 process 63,
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i Red As meationed above, more than one wall mndel 27 1y applind o the

cotfectad measurenient dats o provess 32, according 1o suevabodivnent of the veation

\}.

ried above relative to B

In this example, in additton to the choke model

or weve hydrachios models, such gy those deseribed above W comneetion with Table 4

may bewsed, Por exaople, application of the voliected mensurergent date to g hydrashe
model such ax that deseribed above relative 1o Figoaee 3 can be performesd by process 32
Ag deseribed above relative to Table 1, these hydeaudios wmodels cap include models of
inflow and tubing, in which the rate and phase extimatey are matched to downhole

PEOSSHG, o welthead ¢ t*i‘(}} SYRIHES, o another o Sasnromeny, based on an estimate of

ot

regservedy pressure; these hydrastios models alse inchude tubing-ondy models, 1 wiiich the
vate and phase estinates are matched against both downhole pressere and welthead
senperaturs, for example, aad from which 3 ressrvolr prexsure satimate van by devbved.
And, for these wflow-and-tobing and wbing-only muwsdels, vartationy can be applisd
select @ pavticelay parametsr that s adpsted to mareh the dowabaole presyare oy wellbead
emperature, such porameters dnchuding gas-old ratie (ov condensale-gas 1atio), watereut,
and gashilt {where spphoabler (iher ad hoe aser-delined wiodels aud equaations can also
evaluate the meavurement data in procesy 31

the application of well wmodel 27 s iHustrated

i

LR Another oxample of
sraphicaily in Figores 10s snd 10h lo this example, reliable measorements of dowaohole
pressure, wellhead  pressure, and wellhoad tomperatare have been obtained for o

sroadocing o well W for which water ot e gesamed © be kaown and sachanging.

P

Accopding to one of the well misdels 27, the production rate and the gav-eil ranie, GOR,

of the produced flutd can be obtained, Flgwes His and b we He representations

¥

T sunable fogthig

~J,

thedeative of cutpast from a calibrated predictive hydsauhio well model
well W ousing these mcasuroments, such ¢ model corresponading o an inflow-and-wuling
wiodel, adpaded for GOR, and matched o wellhead tempersture, Figure Hia shows
downhole fhuid pressure as o Tonction of Huld e for g range of constant GOR values,

-y

acording to this el woded 37, wlile Piowee Hibs shows the resulting predicted flaid

emperature at the welthead sy a fonction of the same fhed sate and GOR values, abve

according o this predictive well model 270 As shown in Figores Tl and 10, this
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wredictive well model ilusdvates that for constuar GOR, the welthead tomperature
normatly rises significantly with lnorsasing prodoction e while the downhole gauge
prexsure will also rise for ralex high soough for stable How, and tha @ oonstant
production smig, the downhoke prassure will fall seith inoveasing GOR while the welthoad

fevnperature chauge

ouby very iittle.

LEEY In thiv epnbodiment of the invention, numerical technigues are apphied o
detormineg the combination of prodoction rate and GOR that corvespond o the measwred
downhole gauge prewure and wellhead tompersture, Boy instance, g misasursment of
dowphole presswre st 80 barg in combination with o memsuremnent of welthead

3

terperatere ol 23°C will vield rate and phase values of 7300 STBA and 650 wt/8TH,

IR In the ecxamples discpssed sbove, the abeohie messoroment values

3

obtained from the varlous sensars and transducers e spplied o predictive well rundels

27 could also be

27 o dertve rate and phase vadues, Allemnatively, predictive well models

inchuded that caleolate changes In prodoction sate and phase from detected changes

sensor readings, mather than the absolute measurement values, One advantage o such
changs calonlations w that readings frova sensors which are no fonger calibrated covently
can st be wsed by these change ealouistion weall models As mentiomed above, “dead
banding” of messuroments I8 not peoessary W comection with embodiments of this
vention; aceonding to this altwrnative approsch of carvving owt changs caleulations, such
dead-banding would in fzet mask chonges I sonsor readings, and thus would be

codifferennial models.

detrimental i applisd in the

LIRS dnce all appropriate satimates of rate and phass values ave determinsd by
caloulation cowtrol algorithm 32, frown raultiple well wodels 27 as desoribed dbove, the
ovHoning process socording o an ambodimenit of the Invention selects orderbves o finad
rate and phase resalt from those extinates, in maeess 34, According o that embodiment
of this wvention: well modely 27 ave ascgned o herarchy based oy the particelwy
conditions for witich & given model is most sppropriate,. For example, @ first well model

wsing readings from four sensors may be wsed to calaudate rate and phase, but a ditfereat
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wetl madel niay be preferabie i coly thyee of those four sensurs are functioning properly.

23

As g Qurther example, a partiondar well mode] may be nsed g near steady-state sconasio,

wittle the yystem sploys a ditferent wel we criteria, In

QOTHS CRSES, ODOFRIOYT INpRds, Of oy niggered

by operator decizions, may alter the

particuiar well model ot i ased. Povexample, o pasticadare well model may be ased I

all chokes and valves are fully open, and o difforent well model may be wed when

certaiy valves are closed or partby closed, Bevond selsction of o partioular well munded 10

o~

ase i rate and phase estimates, rate and phase gstimates from ditferent well models roay

]

alornatively be combined o provide g composiie estinuge of wte and phase for an
incremeut of time, based on the state of wells W oor surfhes factlitios,

BT Marny variations in the selection o ierarchy of weoll models are available.
Forexamples, cotain simpls appeosimations fom aeerdefived egquations may be wsed in

place of any of the well v

cchide 3 sdate 1y unavadiables For example, while a predictive
well model thay caloulates re and phase information from at lpast hree sensar fnpuly is

i

favored in general, a masdel in which the masnrement from & sensor i 3

poroximated oy
assurned may serve as @ backup W only bwo sensor readings are available, Alternatieely,
a pavticelar well miodel way be selected 1 8 reading from o spectfic sensor changes by
more than o predetorouned amount o comparison 1o changes in othey sensor reasdings.
The effects of a less accurate yesold firough ose of these approximations or backep
models are reduced becanse of the Trequency with which rate and phase ostimatey e
wade accovding to ewabodiventy of tus vention. &s suchy the ose of multiple wodels

T

he monttoring of a well o wells minne tolerant of conditin

1 changes, sensor
fatheres, o wnalous dats,

RHERTY Reforriug now 1o Flgere HL the operation of process M, in which the

vesulte from these well modely 27 are analyzed and fmal satioates of rate and phase are

selocted o devtved, will pow bo desenibed I forther detaill Tn process T, caleulanie

scheduler modide 24 gxsowtexy a software mouting o analy the peliabibity of

measprement dita gy collected o prow

¢ 48 discossed shove. It is comtemplated that
anabysis process 74 can be carried ont according 1o @ wide rapge of techuiques. Por

example, cach measursment valie care be compared with a range of expected values, m
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cadey By soreen cut micasursmments that have obviously wavabid datg, such a5 may vesult

3

fromta fransducer or other seosor failing o nopervable, In addition, or aliornatively, eack

measurement value can be statstically compared against iy provimy measuremsnts over

i"i.iiﬁ.f.‘., 1o determine whether the current measurarent s stable ov ‘e"i’l!’}f‘iﬁg gver time, Ina

more sophisticated approach, & companson of the current measavement for o given

e

ransduoer relglive o what other transducers associatod with well W are mwasuring, using

s

o tor the

e
o

# stapiified wiodel or the Bk, can indicate whether that mcasurement s peglisnt

conditions,

Mg o this

Y iy contomplated that those skitled i the art baving rofer
specification can readily apply these and other analesis fechnigues 0 determine the

relighility of cach of the appled measursments, i this mrovess 700 gecording o an

sinbodiment of the pvention.,

LH B ipon completing analyay process 70, calculation scheduler modaele 34

5

carrios out dectsions T la through 7lo by way of which a Merarchy of the well

i derived, o dhis example, decision 7o detenmines whether any phase prrametsy (g,
sas-oil ratio, waterout, gashift rated v varving (and thes st stable) or snomglows, e

3
H

fdeciston Tlg is YER), the choke models evaluated in provess 32 are dowangraded fram

s Taa, becsuse s well known thar ohioke mndels

the standpoint of hierarchy in

3 3

are pramised on stable values Yor these phase paramsters, By downgrading, sccording o

this embodiment of the invention, i ks contemplated that the dewngraded well modeis 27
are oither disqualified froms belag used, or have aoweighting or other fector adjusted to

fnrivate that el vesulis are Bikely 1o be i sccorate. Stovulanly, decision T deteroiines

whether the downhole prossure measurements are unstable, following the s

a0 (decision Tik 10 YESL then those well roodels 27 tha raateh the rae

s,

provess 700 B
and phase estinateoy to downhole pressure msasursments are downgraded i procese 72,

o~y N

and in process Tdh, the mding-ouly well models 27 are dowagraded (as those wmodels
match rate aud phase o messvremsnts of beth welthead wmperature and dewnhole
prossurel. And dectsion Tle dewrmines whother fhe current estivaats of roservolr

aosit Tle in YES) the

pressure are ungvatioble oy exhibits time-varation I so {det
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-
Ll
<

inflow-and-nebing hydrauhe well models 27 are downgraded I process 720, considering

that voodels of that olass aasurne astable reservolr pressure,

YN ¥ Gy ety T R 0SSR :  A, SN + 10 PO &

S R Lipon soch downgrading of models as performed by processes 728, T35,
TS S TN iy e G AT § e e ety Al et otes TEa TR Tia

Fab, T2, or i such dowag 1 IS unnetessary {one or more of degwsrons Tla, Yin, Tle

Idoranks the executed well models

returning WO resolind, calonlation schedulor raodule
27 aconniing o these vesuliy in procesy 76, 0 a manney consistent with the results of this
aalysis, This ranking can take into acoount o predetermined hierarchy established for

ist

well W, For example, 3 human operstor may have previoushy eatablished an coder in
which well model 27 resalis are to be vanked for this well W the downgrading of well
models 27 performed by processes T2, 74 dn thiv manner way alter that presselected
der. Alerpatively, the analysis and downgrading of procoss 34 may he wsed to
estabdish the inttal ovder taking Into sccount geoeral preferences ar other rules fo g, well

maodels 27 that mateh rate and phase to welthead temperature, which are belioved o be

generalby less aconrmte thun those muakching rate and phase o downhole pressure, a8

getinn of well

wssed abovel  In any cuse, procexs 7O produces & Mesachy or se

wodels 37, based on thely poreeived accuwracy

101321 Exanples of the analysis sud downgeading opevations ku this process 54

will be fmstruetive, For sxample, @ well with gonersrs gashift rate, but for which the

gastilt rate rosasurement hu faded or Is dubdons and winch glso hay a changing reservols

oy

prassure, could produce a Mermrchy of well models 27 oft 1} Tublnzeonly hydsaghic

"
¢

model {matched o downhole p hit 2

w5

_?.1

e and welthead temperatare), adiusting ¢

inflose-and-tobing hydravhio wodel, watched o downhole pressure, adjusting gashifts and

y-and-tubing hydesubic model, matched o wellhond tomporature, adjusting
gastdt The hydvaulio modeds ranked 23 and 33 b thiy caee are downgraded from the top-
se second-

vanked mndel, beeagse of the variability of ressvvoir pragsure; howevey, g

and thivdrasked wodelway benselud ag backeps. The other hydrsulic models and the
choke models (see Table 1) ave downgraded below thess thres, becauss those mdels

o

assae stable gashift rate o gastifY s present at the well, a5 18 13 to this case, For example,

the Perkins Ch

e moded will wse an noorect gas-to-ligquids ratio g this siaation, and

witl iy infer an mcorrect el rate frony the mersured prossure drop across the choke,
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it rate Iy moasure

123 In another sxampde, o well for whivh the

aconrately, but that exhibits varviog watercut values due o comtng from the aguiler o

breabttrough from an inector, produces a different hisvarchy of well models 27 by

application of process S4B the reservorr prossure Iy knows acourately, the Bl intlows
and-tebing hyvdraulic wodely of Talbde 1 are avallable, o addition to e webing-only

models, An example of & possible hiormrehy in this siuation can ber 1) inflow-and-

subing Hedravlic model, matched 1o downbode pressure, adjusting wateronty 2} tubinge

only hydrdic model (matched 1w both downhole pressure and wellhead tompersture),

adinsting watorcnt; aned 3y iflow-and-tabing hydisobie model, matched o wellhead

temperature, adiusting watersut. Other models would Be ranked below these, ay thetr

accnraey wonld be suapeet ondes these conditions,

131341 Yot another exgmple can be copsidered, in shich theve i vo wellhead
senperature ransduesy WTT and o which the downhole messure trmducer PT for wall
Wohas falled and i which GOR s changing. In this Gteation, an appropriate Betachy

would bar 1) indlow.and-tebing h;@rd;"‘uh eded, matched o owellhead Bogeratuss,

w;

adiuating GOR; aned T3 Perking choke modell o thiv case, the todingronly modely cavnat

be used, as i weurement. The Pesking choke

sy peguire o downbole gauge pressurs ny

methad @ included to provide @ backup o the selected hydranlios model. Other models

are not cortemplated to prodece socuvate rexaliy 1y iy situation

HI28 Following the ranking of the hievmchy of wall models in process 76

caloulation scheduler 24 executes procoss 78 1o denve rate and phase extimates based on

e
TR
v

she output fronswell models 37, according o that huervarchy, Process 78 way be executed

&
in vartous ways, For oxample, process 78 may stoply seleet the output from well model

27 that is highestin the hoerarchy, a8 suggested abuoy

<

o O the rate and phase output from

this most hightyeanked well model 27 may be selected only i 1 producey valuss that are
reasonably olose to the nextroost high ranked model oF models. Alternatively, process
T8 may compute an average of the highestranked well model 27 output valuesy i
Jestrad, & welghted avernge of site and phase vaay be derbved, 1 which the higher-ranked

well wodels 37 ape voove highly weighied b that average. Iy any case, the raie and phase

values produced by process T8 constitute the output of process S4,
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(1261 As discised above, mrovessey 52
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phase values by spplying the collecred measursment daty 1o all valid well wodely 27

Cvabid well models by those models Tor wineh all pecessary dats wee avatlablel, with

the hisvarchy determination of provess 34 e:iéﬁfeﬁ:mmiﬂg_ sehich
Alterpativaly, process M ovpay be performed in whole of By part prior o calenlation

ooy 32, 1o determine the higrarchy of well mydels 27 10 whinh the npasuremens data

e

are ;‘«;ﬁg}‘_g}i‘iéﬁd, so that compolational capaoity can be conserved byonot evaluating those well
models 27 that are loss likely 1o produce acourate rate and ;\h\m informations. Further in
the altermnative, some combination of these dwo approaches may be followed, with @
subset of well models 27 sadected prior to caloniation prooesy 52, and the caloulated
respily fromn process 32 then ordered according o o lionuchy in the wanuer described

above,

-

LR As known in the ant, transduosss and sensors at wells W can experience
shart tovm or extended fadhee, and Can expatience doift w calibrtion or even andden
changes. Also, xonsor data may cccasionally fadl fo tmnymit or may not be ranvmitted

properky. o othor cases, some sensors may ned transait data sy rehably gy other sensors,

These fanlis ave especially Bbely for downhole sengorg, such as downhole pressure

wansducers FTL 1 s contemplated that rato and phase values computed iy accordance
with thix ipvention ae more todevant of such sensor ervors than other systerns, constdaring

the hicrarchy of well models 27 detormined in procesy 34, and the ability of these models

e

oorecetve and process overspecified nput datas More specifically, some of e
pradictive well misdels 27 employ wisee than the arinlmum data reguired for rate and
phase deternnuation; conversely, measarement data roay be avadable for parameters that
cngor more of well modals 27 othorwise assume o can caleuiate, Thiy overs
specification of inpat dats 1o the well models 27 Ieads o the advantageows use of sueh

addittonal datg to contpensals for sepsor taccaracy, Figure ¥ illostrates optionad process

(4;.

3. by oway of wihuch calonlation scheduler madnie 24 v capable of calibrating o

oy

adiasting s output based o the owtpat from one or more well wiodels 27,

{81281 Forssampde, i & wellthead temperature transducer WITT s providing an

RS mperature measnremeyt i oan absolute sonse, but operating i a sufficiently
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ecise manner that Hs measuraments could be used for rate and phase caleulations, the

abpsolote valves of Wy readingy will bo tnconsistent with other data. In accovdanee witk

this invention, ay deseribed above, dats from thar partivular soasor wonld not be wead in

the fnad vate and phase deterrotoation, for example by downgrading #s associated well

T the hisvarchy determined 8 process 54 However g process 87,

models 2 PROCESY
module I may use the dotermyned rate and ghase output from the selected well models
DR S R I N - - .
27, v addinton to other current msasurement daty, 1o calondate what that partieuday sensoy
segding value shoold have been. Process 57 may alvo use sonsar readings aud model
calowdations oeer Hme o dotermne whothey the measwrement data frown the particular

suspeet sensor can be adpsted by o factor ar function o movide the correet suipat valoe.

fnoany event, sccording o this ambodiment of the mvention, a calibvation factor &

function can be dertved, i opth process 37, b}f way of whizh future meavursment

daty from that suspect sonsar {eg. the welthesd fompersture tramsducer WETY is
adjosted, and the ailifi;ii\i.b’si{‘?i?:{ semperature valpes wsed o futwee calondations of rate and
phase, It iy contempiated thay the high Sequeney with which the mue and phase

.

calendations are comsplated o be perforved, calibragion peoc

£ vy he
PRIFAE VSR ) B

7,

accompiished in g redatively short time, for sxvample By a Tow minutes ar less,

1
®
24

TH RS Alternatively, process 87 may be aanged so that well models 27 in the

brerarehy catculate the expected valoes of each sensor assuming the other seusors within

4,

he systern we correct. These expeeted valuey can then be compared 3

X3

received megswement frova individual sensory, For any sensor in which the yecebved

measurement iy sabstantiadly different frovn Hx expeoted vadue, for example by meae than

a theeshold smount o pereontage, that sensor maay be Hagged as having dofed our of

&

calitwation or adjustment, and thus requiring @ culibeation factor as disvuase
course, i the differcntial s sufficiently large. sn indication that thiv sensor s fatled can
be stoved i dotabase 12 ov elsewhere, for use o future mondioring, Iy s approsch, the

direet comparison of predivied and measured values for most semors wed in the

g near veal Sme oand coutineous basy, can be used to slect the human operstor o

metancey sevasy drrft or failure, thes hge

ng the gquality control and assurance on the

values goneratad,
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PR30 Referring back to Figwre B, the rate and phase values from process 54 wre

forwarded, by caloelahon scheduler modide 24 (Flgure 8, to data historian wodales 200

In process 8 data bisterian modules 20 manage the stening of these ne

vatnes, as well as the well operating state detormined 1o provess S0 desred, n database
P30 Ay belore, storing provess 36 preforably oreates anew entey Bw i which the newly

caloulated rste and phase valwey, snd sny such other information resnlling Hrom

calenlation o S or otherwise, are stored woassociation with the indicatoy for well

3 i~

and @ current me-stumy valud o be assoctated with these rate and phase values from

this calonlation, o maintain the time base for the estimates, I addition, o the extent that
these sate and phase valuey, or other valenlations such ax reservolr pressure mml the like,
are uaed i fonctons thi are ovaluated for the pext determunation of rate and phase for
well W, those functions may optionally be updated at thiv point. wsing the newly

axtinated vate and phase values,

i3y Referving back 1o Flgoere 7, the storing of the thne-associated rate and

RIS,

whase valn

Vi process 36 complates s instance of caloulation proe

caloulation process 33 Is camied o for such other wells W frovn which current

N

ted by the mulitasset software

wisasurement dats has besw produced. oy sug

o

architecture deseribed above in connection with Flaore 6. And following the sompletion
of this tance of calouistion process 38, i is comtemplated that this nearreai-time and
cortinuous modtoning process will then begn Wy aoxt inslance, sccording © ihe

freguency o periodicity previously selected by the bwoan wser. And sy mentioned

above, 8 uext instance of the montloring provess for well 38 may be inttiated “on
demand” from a usen prior 1o the sorraal time at which the next dmstance would

cormencs 11 1y perindie opevation.

1321 According to this embodiment of this fnvestion, the result of the wee and
vhase calenlations produced by process 35 are wanaged and used I vatious ways, As

3
[}
Fi

Hustvated 1n Figure 7, validation process 36 recetves dats from poduction facilities, for
example, export fawihties, Howlines, separstors or duy other production rebated faetlity,
and validates the caloulations from caloulation process 35 againgt those factittdes data

culeudation for vgch

Validation process 36 may be porfonmned for vach e sud
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N

well, or may be pesfermed sunly periy

yo b addition, validation precess 36 may ke

performed Vonsdersand”, for example i oresponse 10 2 wsey o sdmindsirator reguest
(Figuee 33, or i o partivular Yevent” s detectad ag will be desoribed below, In generad,
the rate and phase eakoulations from process 33 are validated, n process 38, by evaluating
the comsisteney of those calondations and resulis against the facilittes data. B sddition, as
shown in Figure 7, dats from sty conducted on wells within the field can be used 1o

calibrate the models via colibeation process 34, For example, production fom one oy

more wells may periodically be reuted through test separators o ensure proper calibration
of the models used for rate and phase detenmination. Those wells which have more

vecsntly ondergous sueh fost

spacator calibvation may be deemed 1 be more reliable

s, Thiv combingtion of

aud, therefore way be adjosted o o leaser degres thaw other we

calibration procesy 34 angd validation provess 38 reducey ervews, snd thus provides more

iabie and sccurate rosulis,

133 According 1o an embodiment of this nvention, conventional well flow

tents wemstitute one type of well test weelul in culibrating predivtive well modely 27 via

s the rovenue 1w oaphlt arao

alibration provess 340 Ag disonssed above, bee

s

participats aoross the entive production fleld a¢ a whels, rather than allccaed from
individual wells, the owtpwt of the awliiples 5 in the field is typically combinsd and
that comsbined outpat over the entire hield I3 weasured as & whole, Thiv slinunates the

need o doploy individual flow meters st gach well in the fiold for cconomin reavons,

o,

reanliing in cost and operational cavings, but at socost of losiag reghtime mensuroment of
the performance of individual wells Suring operatiens. Avcording to this embodiment of
the invention, poviodic flow tests of individanl welly are sunaged v an automated
fashion, with @ minvnam of boman intervention, and ina nisoney thay van, i desived,
galitrate the predictive well mudels © accurgtely refieet the status and performance of
e idual wella,

F0134] Figurg 13 schematically Hludpates the wrangement of ao example of g
producing fleld, in either the offshore o land-based contert. In this example, the
wroduction fiedd inclodes vaany wellsd) deploved ot varions locations within the fleld,

fromt which ol and gas product is produced i the covvertional manner, While a wwnbey
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S

af walls 4 ave flostrated i Figure 13, 8 s contempluad that modem production fields iy
comneetion with which the present invention toay be utilized will nchude many more

oy X

wells thay those walls 4 depieted 1o Frawre 130 Inthis ‘*\mnpih sach wall 4 18 conneoted

o assockated deill sise 2

#rp.

2 e locale by way of a pipeling S0 By seay of example, eight

brrs

el wites 2o through Ty ave Hlustrated i Plgure 130 Wi, of course, wndetstond by those in

the art that many more than eight may be deploved within a production fiekh
Each diill site 3 may sopport many wells 30 for exanple deill site b dhastrated in
Figure 13 as supporting forvy-twn wells 4y throngh 4y, Bach deill site 2 gothory the
output from s assoctated welly W and forwards the gathered oulpul o processing

&

facility 9 win one of pipehiney SL. atwally, processing facihity ¥ s coupled inio an

cp pipeding OUT, which in toon may couple into g farger-seale pipeline facilty along

with ather processing facilities 8.

(133 Even though production from the feld ay a whede suffives for sconomic

ks

purposes, knowledge of the output of the ndividual wells 4 in the feld 8 bponant from

the standpoint of well and resgrvolr mana {ndenstanding of the output of

fndividual wells, ineluding vaiations o output from well towell within the field and also

vartsfions i outmd over tne, can lend sabstantial fnsdeht 1o the management of the

~

reservolr and of the individoal wells 4 lo, comprehension of the flow from

individoal wells enables the sppropriate veworhing and othe

"’J
pia

Coprocesses 0 be tmely

applied to wells 4 0 maximize production, KRoowledge of changes in the ontpat of wells

4 3

4 along with their locations in the field euabley soourate manggement of the reservolr

P

iselll for example by mdicanng the pate of the field and thus the wells 4 sl would
optimally respond to stimudation, injection, pressuve support, and socondary recovery

grovesses.  This information will also assst the

f’/

placement of pow wells for maxinnm

Lo

yelurh oninyeshment

131361 To aequive informuion regacding the ontpmt Slow from individual wells 4,
as is known in the art, & roelering system is provided at o ov more logstions within the
production field. Figure 14 Qhastrates an exarople of such o wotering system useful i
connechon with thix embodument of the Invention, i this case as may be deploved at deill

site 2y i the production Held of Figwe 13, Alematively, o mgtering sysiom such as
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shown in Figure 14 may be deploved at siane other location within the produstion fleld
which pipeliney 3 from individual wells are svailable. o the exaraple of Flgure 34,

pipelines &y through 3s from five wells 4 theeugh 45 sospectively,

<

corresponding pair of valves B4y through Bdy and BG dwough _wfa;ti'iw:}y.
Speciiically, for the case of pipeline 55, valve 84y connects pipeline 3 o mantfold 8
and valve ¥6; connects pipeline 3¢ to manifold 81 the other pipelines § are st %m’ij,

assteinted with thely corvesponding valves 84, 86, The output of mantfold 81 15 applied

o3

eoontpat of which i connected o manifold 830 The output of

susifold 83, in the sxample of Flgere 14, i pipeling L which communicates the

castyenet of wells 4y through 4y towasd contral provessing fseiliny &,

0137 i this examplo, cach pipeline 5y theough S cavies all cangan phases {gus,
off, water) from s associated well 4 throagh 4s, and How meter 824y o malti-phase How
onster, capable of measuring the How rates of each of the gas, ol and water phasex

Alterpaively, a phase sepavator may be included at some upstream poimt W flow meter 82

is 2 single phase meter) iy iz

&, sepanate How metars would Tibely be provided for

sach of the phases 1o be measwed,

RURNS During vormal production operation, all of valves 84y through 845 am

open, and all of valves 86 through &6y are olsad. Thiv routes the output of walls &

through 45 divectly to muadtold 83 and pipelineg SLy How rooter B2 18 measuring ne flow

fod

3

al that point, By clesing one of valves 84 and openiug its oorrexpoading valve 86, the
eyt of the corresponding well 4 can be mpasured by flow mster ¥ For examyple, if
valve Bdy 1s olosed and corresponding valve 86 iy opensdy the outpat from well & 08
routed o flosy meter §2, e from Bow moter 82 0 manifold 83 and eventually pipsiine

Sla This arpangennt i commondy selferred fooas g MHlow tea”| b thay case of well 4

o

Agverding to thiis smbodiment of the invention, valves 84, 86 or other routing hardware

fciomies g change In routing of position, and the new ronting effected by valves 84, 8,

'S

10 server 8

vovia some intmruediate stgnal function, to indicate that 8 flow eyt

is hetug porformed sad that rocusweoments from How meter 83 are forthooming.
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TH RV

cally (e, on the order of

wovhlyy or in response to g particular ovent or :s‘»a.zf;;giitif:ss‘} crt the part of & aser, such as g

PEROEVOLY By

Eo

sveral hours, o ensune

neer. Such tlew tests typically are casle

N

that the megssurements are obtained dwring stable well conditions. As kagwn i the an,

.

durving a fow test in which the outpat of an individual wall 4 18 being measured, othey

gures 1

b

parameters for that well 4 are also monsured. As desenbed above relative w0 B

a2, these parameters wedade downhole pressure, downhole temperabue, welthead
provsnre, wellhead fompersture, choke valve position, and, i applicable, such other
paraneters ay gas Y pressure, gas It Hose, gashilt contral valve position, and the like
The How test of well 4 i thus able to corvelate the flow measured by flow meter 82 with
those other pavameters, sinee all ave measored ot the same e and das aoader the sane
well conditions,  As will be deseribed in further dotall below, the system aud method

avcording to this cmbodiment of the inventio ists in the planning and scheduing of

fHow ests

for individea]l wells 4 in the production fiedd, and slso anshess the

wmeasurament data as received during # flow ost o determing the stabili

voand suflicleney

of thefl

wotest data acquped

13144 As knowa in the ary centain wells g production field may be uwsed as

fora

injection walls, by way of which s foeid (e, witer) can be injected inn the resorvoir o

enhance the production of wl from the producing wellse The How sate of {hud iate
fjocting walls s simdlarly depondent on reservolr prossure and ather parameters, and ag
such fow testy of wpecting welly are also osetid tools. B cowompluted that thas
mvention i sinilaely applicalde when wsed In coansoton with How sy of soch
injecting wells, Ag such, w0 the extont that the desoription of this smbodiment of the
mvention reters to the How tost of a producing weldl, 108 to by woderstood that the systam
and methad of thiy embodivnent of the mvention oan be simubuhy applisd © Gygecting

wells,

ST Refersing now 1o Flgure 13, the operation of servers § of Fligure 3 in
carrying ot well How tests, acoording o this evabodiment of the hnvention, will wow be
desertbed. Ay desonbed above, B iy contenplated that the operations of Figure 15 and

related operations described horein are camied cut by the execution of cowmmuer progea
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s

the variomns oo mmm

o)

v the centeal processing unify and oflier programmaile logie &
resonrees shown in the exaraple of Figwee 4, asing the software arehitecture desoribed

above in oo

ction with Flgures 3 and 6. Mere spenifically, the folleawving deseniption
refors o operations careled out by sorvers Sa and 8b in the archilecture of Flgeres 4
through 00 Wi to be understood that other covuputers may shemmatively perform these
aperations, i some csses icluding ohent syviony rather than one of wrvers 8. K s

farther conteanplated that the compuier programs sxecoied by these computer pesmpoes

o

an be roadily oveated by those skilled in the art having reforones o thiy specification,

’3(}

fromn the functional desoriptions provided in e specification, using conventional
wogramming skill and techoigpe iy combination with existing software packages ay
appropriste, and without undue experbmentation. And it s forther contemplaed tha
those compuisy programs will be rexident fo prograny memory accesaible to those ceptreal

processing wits and ather progranunable logie, or sre otherwise made avilable © these

< b

COD?@W\“ FERORECES, ?*\ Way af U?‘Eip‘ﬁit‘! readabie we Cii o otherwise storsd in pragram

memory of other conventional optical. magnetie, or other storage sowwes gt thoss

compuer resources, or communnioated thereto by eay of m elsctromagnelic carvier signal
upory whizh funetional descriptive matesial corresponding to these pomnputer programs is

encoded. I addition, i is contemplated that the location at which one or more of these

COMPUISY IHNErANS 18 rost reut from Hhe cOmpuisy eeoures sxenuting

that covgpiar prograve, such as in the case of the seecalled Mweb-based” apphostion

programs, It i also contemplated that those skitled veaders can vary this operation from
that deseribed in s spectfication withouwt departing from the soope of the invention g
chaimed,  Accordingly, thiy operation of the moniioring system sccording o this
sinbodiment of the invention v desertbed by way of example only,

EHE o) As shown in Figure 13, thiv operation boging with process 84, in which the

¥ &

voating of output from one ov more of welle 4 to Sow meter €2 (Pl Wi dete

sepver Bao As noted above, 1t I8 comemplated that the vartous valves 84, 86 are

wmogttored or therasebves send signals indicoting a change in the routing by those valves

and others, along with suificient infeemation to deatify which wells 4 ame then batng

wotered by How ety 83, and whether the weaswed How s commingled or from g
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m o the production Held fe much

stpgleowatl 40 Typically, the metering and routing syste

wore complex and comphogted than that Bhastrated b Figare 1L The flow logic regeived

¥4

of tlenw test monitor modude B3 restdent at and sxvecuted ty server ¥a should thy have the
capability o detect and Weniity the well 4 that iy newly ronted o flow meter 82 based on

the natere of the inhmynation provided bowg the Bekd

THE R Alternagively, the opevation of the moniloring systen & g o thiy
ernbodimment of the juvention may be nitaled manually, for exvample by a haman geer
actgating o display window Dution at womole acceys tenminal BA, in which case the
monioring system would begin this operation in the sgme manaer g8 1 1t had sl

detected the vouting B process 80,

SHESY As indicated above, 313 contemplated that ruove than ooe well may e

pu

wated to How meter 82 by way of valves 84, 86, I so, the How passing theongh and
weasured by How meter 82 will sepresent the commingied How from musliple wells,
Flow test monttor module 83, according to this embodiment of the invention, is capable
of detecting which welly L are participating In this commingled wmeasured How and, for
purposes of carrying out a flow test for a spectfic individoal well 4. can subiact fhud
flonw vaboes corresponding 1o the most vevent provioos flow measurement rosults for e

&
X

wells 4 other than the particular well 4y of intevest in this flow tesl. As such, for purposs

5‘{'

of the following desoription, references 1o 8 partioniar selocted well & or wiich the flow

3

test 18 being carvied sut should b uaderstood to refer o the situation in wihich the flow

o

frone a single selocted well 4 15 ronted to How meter 82, or alternatively the sitoation i

wittch the actaal weasured How I 3 commingled flow from which recent previons flow

sesuits for wolls 4 other than the selected well &y of usterest are sublravted.

LH 8N I process 92, according o thiv embodiment of the fnveation, siguals are
forwarded from flow meler 82 w0 server 84, via such wtermediate dala asgpomition
systonty amd the Hle, suel signals indicanng the How e (and phase, i How meter 8 &
a melttphase How metery of foids measored by flow roetey 82 for the ougpat of the

seleeted well 4. o addition, signals are also weeiverd by server 8a corresponding to real

o i

e or near-rsaltime messiraments of the conditions at well & el such measurements
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inchuding sonwe or all of downbinle and wwrlace wwperature, downhole and surface

fy these o fest

pressurg, control valve gm:s:‘is @ig, and the fke. I respoust

Heasuremenis &, fow westmonitor madule 85 measures the

N
A
3

stabibity of the production from well 4

cording s statistical or other colteria proviously
defined by the wer. B3 contemplated sevature, pressuve, and flow rate

information will geaerslly be sofficient to arive at a determination of the stability of well

productory, Hhstrated by deguion Ax known in the avt, o primary

purpese of the How tost Is to analy rate of the ontpet of the well relative ©
downhole and reservolr conditions {pmperatare, pressure, o), snabling o determination

of the “productivity™ of the weldl (flow rare debivered For @ given pr o differencey and

akin™ at the well Gle, fricton, reservelr damage, ov other msues inhibiting produciiony;

an suehy, iy generally Imaportant for these values fo be oblained evey o period of ime dn

which the production rate s relatively i the stability criteria are not met by the

&y

vecstved megswrement date over a speeifind tiine daration ecision 83 18 "noTy, procsss

Toiwtest moaitor

it

92 cominues, collecting additional menswrement data over time. Upon

iston 83 is

S

miodels 83 determiving that g stable production siate hay been reached (&

N

yea'y the How test can setually begin, i mrocess 84,

(1d6] i provess 84 How et monttor module 83 fiesd ideniifios a point in tine

3

following the sability determination of decidion 93 ot which the relovant ey periad

begins, Following that stan thme, How fost mondtor module 85 gathers the flow

measurernents from flow meter and alvo gathers pwmorements of the state and
condition at well 4, in peovess ¥, Flow test monttor module 83 continues o gather the
How tost measurarvent Jatg i process 94, and executoy procesy §6 1o detorming the
suffiviency of thuse deta welative 0 g pro-defined eritivion. In thiv snbodivment of the

mvention, this sufficiency deternunation of process 96 can be carried out By varkons ways,

e

Frocess 88 may simply determine the deration of the How test, o more speaifically the

tne glapsed following decision 93 mdicating that the recoived messurement data are

o

[

stabler g this case, process W6 determines that suificient data have been soguired upon

this elapead tme or durarion e
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3

HHEYS However, ay Known in e art, bows of prodection can be invured durdag o

floww test, for example Wone or more wella 4 are closed In ovder o isolate the flow foma
speciie well 4y of fntorexd for the Hew test. As such. it Iy desirable o minimize the
duration of this production loss, by stopping the flow et a5 soo as sefficient data have
Been acquired. According to this embodiment of the prvention, therelore, provesy 86 way
fe performed by flow test monitar modude 83 af server 83, or some other oomputing
vesowree and software modele, statistically analyeing the received How test measwrerment

data, and determining whether sufficiont measurement data have been received 1o derive

>

fopesult having an acouracy within some presdefined level of confidence. For exampis,

-

he seouracy oriferion may detenmine whether one o mnre parameters such as an avirage
flurd flow, downhole pressare, reservoir prassure, ar the Hike can be colevtted, from the
rereived Pow msasursmient data, that can be considered as securate o within a desived

onfidence lovel,  In 2 specific example of an ombodiment of this nventisn, an

alcelated fom the vaw fow

egudvalent dady flow vate for each phase s pery
measurement data; the pertod may be user-configured, and care vary front o fow punues
oo severnd howrss fn thiy casel the scowvaey onteron can desn that safficient
measurvent data have been acguired onee the statiztival evror cn the mesn syuivalent

daily flose e fudls below g prowselected bl fep, upon the gurge flling below 100

harrelsddayl These wells woat 3 stabile rate weonld, of course, wrach thiy acowrs

eriteriov aconer (e, after fewer caloulation peniods) than would wells that exhibit 8 wids
vange of variability over the wiraswrement Sime. In wvy svent, this stotistical avalyamg of

o~

he rocoived data determines whether additional data il improve the accuracy of the

Py
ey

esult o oany (stetstieally)y meaninghal exient, and doss so in s statistieal wanner that

N

7%

ensures 7 comparable degree of uncertainty over all wells gy the Held, $tis conteraplated

»

that those skilled in the g, having reforence to tas specification, can entity and

implement the sppropeiate statistical oritesia and deciston algwitun for 96

appropriate for specific applications, without undue expesimentation.  This statisticad

sufficioncy delerniuation, I process B0, thuy providey the additiomal

winimizing the offect of lost production resulting from a flow test of one o mors wells 4
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THE S

on detsrmining that sefficisnt datz have been acquired, provess 86
fasues an alert o the regponsidle wdividuals fep, by emadl an indioair via romole

Y

af RA, s otherwise) that the flow tost can be s

wchoal any e, or g

differemy well routed o flow meter 82, ote. Moanwhile, in process 88, flow test moniior

module 88 continees 1o receive and progess the How test dats wartl either o specified

durstion elapses {(a.g, on the arder of four to six hours) or until the rodsting or production

vate of seleciad well 4 changes (e g, o responise to the alert that sufficient date bave beey

acguired), at which podu the How fest ends,

L E A it i alse contomplatesd, iy compection with this invention, thay the
operatio of How testroanagament scoording 10 iy swnbodiment of the wovention muy be
used to analvee sud manage & “nmiibrare” Sow west for @ parbondsy well 40 Such g muli-
vate flow test corvesponds 1o a How test u which the conditions at well 4 woder test are
changsd wuder the control of the mroduction engineer oy other human wer, as put of the
Hos test, This style of How test thus provides visibiliey o fhe traosient response of the
well, and alen into the dependence of measwred Bow, teimperature, prasswre and othey
parameters relative 1o ong another. Thiy embodiment of the fnvention iv capable of
acquiring and managivg measerement data for such mudi-vate How testing, so Jong as

e

process HG iy pware that flow messeroment dats are (o be acquived onder diffevent or
changing conditions) ofberwinze, a8 nentiosed above, How test monitoy modude 85 way
stop the flow test and the scquisition of measnrensnt data upon detecting sn apparsm
foss of stability caused by the change n conditions. It s thevetore contemplated that the
human aser would declare the intent o perform sueh & roudtirate st {and also peabaps
the pumber of tent conditions) inadvanee, prios to the wtiation of the fow ot iy progess
90, and that precess 96 then operates 10 not terminaie the Hlow toxt interval upon detesting
a change oy well operating conditiens (o ondy after coemnpletion of the nomber or

equence of test conditions specified by the user it advance of the test),

L Regardleys of the particnlsy termination criterion v other wminating

evei, process 96 is covaploted by Sow et monityr modale producing & Surpraasy of

sve or more d

other report, sned potifving eviated usery of the completion of the How

it i contemplated that these wsers can by

by

ost sl the rosulis of that st i process 108
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alerted by way of an sulomated smadl, texy mes or other automated mess

T

tanstied by server 8a, such an alert suggesting that the user aocess the just-cotaplete

Fhw tesd vesults vig web bronwser 28 10 the

[y

cribed above relative to Figuee 5

i
3

The measage can, i dosired, include 3 Uk by seay of which the wser can readily soess
the vesulis By way of web browser 35 Vartowy other approachey to sotifving the

appraprisie nser cun aliorautively or additionaity be used, such approaches inchudivg, for

example, a vivesl sedible, ovovibrattonal sigual eout 08 page

o

.o mobils phone, or other
glectronic devige, or even an automated phone calll In cobodiments of thas invention,
the manner 1 which the sotiticgtion o alert v Bssued can be werconfigored, or
configurad by systeny o operational management. As gvident from this desoription, B 8
nad necesaary for the resedvolr enginesy or other user 10 be teodved 1y the perforniing of
the flow tost or the mocessing of data from the How test up to thiy polat, at which all flow
tost mersurament data have beon abready avguired, processed, and sumimarized wnoan

automated manner. Pollowing the alert and commanication of process 100, flow est

montor modide 8% swalts “va

of the communicated How test veselts by the
alerted user. Upon recelving sucl validation that the astcompleted flow test iy s valid
test, andd that s resuits may b used o fucther snalysise flow st monitor module 83

stores the measnrement dida and analysiy for thar How tost I momory vio data historians

Tl
o~
e,

B
gow)

duure 53, i process 101

THESY 1t s contenplated, acooyding to this embodimerndt of the invention, tha

aae provess 101 ay el as other alerts and communications o the users or other

personiel, can present the flow test results In variogs ways, For example, an alert oan

indicate, W the user ab remate access torminal KA, that ootabudar veport 18 avatlable for

viewing vig web browser 250 An example of such o tabular seport iy dlustrared by

e

rowser windew' 113 shown in Flaure 160 In this oxample, mivnmation regarding the

N

well 4 thar was tested s sllesteated by sub-window “Ceneval Production Test
Information”™ of browser window 113 {e. g, including wentification of the field, the wsted

o

well 4 arad the separator and other equipment used i the test) the start and stop tines,

and durstion, of the How test, av wall a8 the time ar which s at daig had been

acquateedd). The subswindow “Resalis” of browser window 113 of Figwre 16, in this
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example, prosents the measwomenty obtained from the fow test, and also the resulis

B3

fromt any applicable predivtive well model 237 1o obuch those messursraenty weve applisd
(oo, Teserviiy pressure, Sto ), ay will be desoribed below. Of course, other or additional

‘.“:

approaches o present these results can also be provided by data lnstorians 28 or other

functions b oserver Ka, sueh spproaches weleding graphie histopie PR (Inflow

Parformance Relationship) comparivonsy of tested wells 4 fndividually sud with othey
welly Iy the victmty or prodoection ekl historie dechine snabyuis applyivg recent flow fest
esuits 1 a normalized Sahion with historico resultsy read time versey iast flow est nodal

comparison tronds; and vaniows wser-definable or nteractive reports, graphs, wentds and

the hike.

FH R This opeoration of Hus embodiment of the lnvention as desoribed above, in
processing the resebin of How tests, provide boportant benelity in the munagement of the
production field,  As deseribed above, this cmbodiment of the fnvention manages the
acguisiiion, procossing, ond swomacizing of How test meanwemant data without
requiring ivtervention frown @ human wser. Rather, the human wer i alerted of the flow

st al the appropriate tae, ab which thme he or she can validate the resulis as appropriste,

This maimizes the efficiency with which skilled personnel ave utihzed, and eliminates

the tedious effert and alvo the \L%;\,u:zu variaiions i haman processing of the How test

5,

measurementn As such, How testmonilor 8% and How test module 80, mndthe functiven

o

thereo! deseribed 1o thiy speaification, car be anplemented and provide berefit as stand

atone Hmetions, fn the absence of the rte and phase Tenchomality deseribed bere

Henwevar, whss combined with the rate and phase functions and modules, the information

and respliz Srom the How oty oy acquived and processed by this ecwbodiment of the

mvention, can be used to gven greater advantages, by colibvsiing and rationalizing the
resnits of the rate and phase caleulations by way of the predictive well madsls,

HHIRR Therefore, also in respotse o the user indication that the How ot rosults
avee valid, walibration process 34 can next analyvee and calitwate, ) necessary, existing

sradictive well tost wmodeds 27, based on the resulis of the completed fow st In the

P

sotbware architecture of Blguve §, 18 contevgplated that calibration process 34 will e

camvied out primardly by flow tost module 88 sorver 8, upon teguest and scheduling
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via cudculanion scheduder 240 and communication of the recsatly received and procsased

flow st measwrement data via the approprigie web services 230 As aoch, calibestion

process 35 can be porformed n 8 nonreabdime manney, i desi

134 Ax shown in Figore 15, colibration process 34 bepiny with process B8, in
which How test modole 80 cvaloates the fow test resplly psing one of more cuorent
prachotive models 27 for the corresponding well 4 It iy contemplated that grocess 88 can

Beexecuted In variows ways, Fov exanple, the downhole and swrface tomperatire and

pre od from well € dreing the How tost can be applied o the

el Sxtimtora fhow ratey thag estimated flow e -can then be

compared against the fow rate sotnally measered by How roeler 832 doring the flow test
thus determining the aconraoy of the well medels 37 relative 0 sctoal messeroments,

oy

Hed o the models 27 1w prodace

,‘»

Aligrnatively, the weaswed flow rate can be app
eatinratey of the other well measaroments that are then compared o the actual
MSEsUERIETE, Woprovess BEL Inany cvent, How test module 80 evalumtes decision 99 w

deternuae i the Bow o measurements match he s

X&

yothe current well models

o (decision 88 4

within 2 presdeterminegd tolerag yos”
7 ave suffictenthy accorste, and puey continue o be used B the manner described above

for calonlstion process 358 (Figure T

LU ERRE Hthe just-corapleted flow tost resudis for well & do not sdeguately muateh

o

the exizting predivtive well models 27 (decivion 99 s "an™h calibraiic

performed by How test module 80 pext calibrates or adiusty the predictive rate and phase

P,
£}

wiodels 270 0 process |

Ag deseribed ghove, the vagtous well models 27 caloulate

RPN

values, sueh o rate and phase, using poviously determined relationships of other

eazurementy (dowohole and sarface pressores and temperahaes, oy exanply o e

-~

eyt pavsraeters of rate and phave. In process HIE, the coustants and functions of thoss

P

paramaters used Inthose wodels can be adpusted do reflect the relationshap as carvently

fiu

measured o practice by the flow test Alerpatively, a calibration factor may be applied

w the existing wodel © adjust the woded output result o mateh the measured flow e,

vathey than changing the constants aud functions withiy the voodel sedt, o

either case, the calitvated or adjusted madel or models 37 produced in provess 102 ae
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forwarded 1 the designated reaponsible user for validation. I the gy dogs not validaw

the adjostment ov calibration (docision 103 &y "no™), process 102 can be repeated 1o

atd

apta differsat calibeation or adjustmizat, perbaps 1 an intoractive vy with the wser
Lipon the wsey validating the cabibvation or sdjustment o the maodel o models 27

(decision HI3 1 Mves), calonlation process 35 using the updated models 27 can begin

TH R Provess 33 apphss the updared well model of mndels 27 in the manuey

deseribed above, nsing realotivne o noarteabtime well messurements obtained from the

well 4 of intevest, slong with the other welly 4 in the production field betng monttoved by

the system,  According to this cobodiment of the fnvention, however, flow st module

G aleo asststy in the planning and scheduhing of subsequent How testy, avowill now b
desoribed. Inonormal oporation, wpon completion of one or mor instances of caloulation
progcess 35, flow test modole 80 detennines whether the model output rate and phase
vabues are within a cortain acceptable range B Thiv range R i previously set By the

engineeriug sl ov other wsers, 1 procesy H and B comurumicated 0 and stored at

sgrvey 8b. It iy contemplated that this range B coveaponds oy a rangs of rade and phase

s outof sohedule) Sowtent for

values that does not hddicats the wsefalness of g specinl ¢

the concerned well 4, I the results of o

cnlation provess 33 are within the expectsd oy

3. then the caleulated rate and phase valass ase
comymunicated to data historians 20 for storage i the usual manper, i procesy 108, &
deseribed above, §t s contemplated that storage progess 108 will inclode, for cach set of
flow test vesulty, such wmformiation as Mentification of well 4 w0 wiluch the flow test

applies, the mearsured Hlow sate or rates over the flow st time poriod, a e stamp

L
Gt

indicating the date and time of the flow test, snd dats comesponding to the other

mevurements sueh ax downhole and sweisce prevsure amd omyperaturey obtained dusing
the flow test. Oiher o different daga, information, and messurements moay be stored in
storage process 10K, oy detevrmined by the engineering taft v othey userss Iy addition,

the rosults of the How text, and of the spphicabie predictive well model 27 o which the

How test mcaswrements were apphed, can be presented I prog

manier deseribed above refative to browser window 115 of Figwe

Figore 13, 1 the rate and phase results from the applicable well modals 27 do not Rall
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ext nuniule K0

o)
et
[
-
P
pnd
7
%
o

wititiiy the expectad <

fasues g alet 1o the responaible ai{‘@.ig wted users fnoprovess RO This alevt, as noted
above, tudicalex that the peedictive well models 27 have relumed rate and phase
information, based on recent rocasursments, that indicate the peed for a spocial Tosw fest

to be performed on g particddar welll Upon detecting that the stall has serouted the well 4

cutpu fo flow moter 81 again {process R0 in response (o the alert wsued in provess 110
or othereise, the performing of & How test and the resulting calibeation process 3 and

caloatation process 35 of Figure 15 commonces again,

AT Aceording to another aspeet of this ombodiment of the vention, How kst
module U residing ot server 8b dedines and maivsaing a schedule of Sow rests for the
wells 4 in the production feld, and fssues alerty or romainders © the designated staff to

carry out Hlow esiy on specilic wells seoording to such g schedude, Yarious paraneters

st attributey may beowed by flow toxt module 80 to pecfiom this function. One such
parmmeter is o Umaximom logal dayy™ By, pro-defined by the enginesning stadt o other

e

waers and stoved at server 8b, in this example; such i Lt ensures that, sven if nooo

et el 4oa tlow e will

parameter or indicator causes 1 How tost o be inlinded for g gh

be perforned Tor tat well 4 within that specified frequeney. Other paramstery that can

s

443

{4

e 1o defing the priovity and schodule of How tests for a given well 4 {and applicd ©
ach of wells 4 in the field) inchuder  the percendage of the totad Held contvibnution

provided by well 47 recert rend divection and magnitude aver tme forwell 45 differa

i rneastred and estivated dowrhole presswees, or dilferences bebween rate and phase as

actoally mersared and those estimated by the best mnde! Z70 dayy elagsed sines the ot

vecent How test for wall ) and the ke, These paravoster valves, and others that can be

nse tor the most recent How tests and also

used i snch priveilization, are updated i respon

to recent prassure and temperainre meanuemonts, and prodictive medel 27 autpat, Tor the

&
3

various wells 4 i the produetion field, Aceovding to thix aspect of thiv embodiment of

the imvention, How st module 80 has sceess 1o the spplicable ones of these and other

parameters fov each well 4, applies these valpey to g priovitization algorith ov sguation

defining the flow st schedule, and derives a xchedale for How testy for wells 4 g the

by }'/
b

prondnction fiold based on the resells of that prioriizanion. IS conterplated that
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skilled {un the art having vefersuce to iy specification will be readily

By

pricvitization algorithm ov egostion, as applicadle o the partivular production field

sttnation faced by those shilled perscany, withowt endee sxperimentation. Upon the

privtiization algonthm o sgeation results iwdicating that ¢ particnlar well 4 iy dus fora

How test, servver Bhoor sovne other resonrce in the sysieny can faxue an alert or repindsy 1o

2o

he spproprinte personmel so that the flow tost can be carned oty allernatively, these
personped may anticipate and follow an overall How fest sohedude established for the
production feld by flow tost modude 80, In sither case, scoonding o the operation of this
embodiment of the vention as desoribed above, the tigtion of & How tost for o given

witll 4 fo sstensativally detected {process 80 of B

e 18, wiih the rexuliy updated and
apphiad as deseribed above Bt oan automatsd manner, with no furthey reshtime

involvement reguired of human personnel] fo altadn e How text results,

FRISR] The caleulated rate and phase valugs from caloulation process 35,
mts;:f.srs.iing o erabodivaenty of this vention, may then e adjustod using one ot more
reconciliatien factors or equaticns, i regonctliation provess 40, Thix process 480 waes the
prodaction rate and phase detormined for multiple sealls W othat shase export facilities,
determined according o the embodiments dexoribed sbove, and reconciles those rate and
phase caleulations against data and measurements frony those expeort factiities,  In such
reconcifiation, periodic export data s copared o the sam total prodection Yor the sae
period fronn oach well feeding o the export facility. Apy difference between the tofals
can be used to oreate woreconcthianhion factor, which mey be i the form of a foncton o, i

sufficiontly stabls, 3 comvtant. In thoss cases where the &

nort facifities data i more

sehable thay the well data, the reconciliation Yactor is spphiod 1o sach well W osharing that
export facthity. For exanple, the production infremation from sach sueh well Womay be
adjustod pro-rata o reconeile the wotaly, Alernatively, H data from one or more wlls Wy
P coasidersd tess reliable than other wedla W osharing that expont facibity, prodoction data
from those lows relable wells Wi may be reoomeiled 10 a growser degree than data from the
ore reliable wells WO Thiy misthodology spplies sgually 1o ol water and gas from

potion wells and o Injection waler or injestion gas distributed toowell via comnon

COTRE rERSton Sysisms,
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THAS In other cuses, the rate and phase caleulativeny feny wells W omay s
considered wove reliable than data from export facilities. e soch other cases, the expont
favility date may be reconcied wsing the well date sud the export facility data may be

adjusted,

o] Reconciliation process 40 thoy also allows betier detesmination of
anornaions reselts from individual wellss For example, wconciliation procesy 30 oy
el & sudden increase In the discrepansy detween well data and expornt facility data,
Forther fnvestigation may reveal that g particular well sxperienced changed conditions
during that time peviod or that & particular well expertenced an unexpected deviation in
caloudated rate and phase valpes,  In either case, reconcibistion process A4 can belp
whontify such wsues that weguining furthey stteation. Conversely, thix reconciliation may

afary reveal falls iy expont Tacilities sqpipment

7
¢

iBiatl With hather veforence o Flowe 7, the reconciled data produced by
reconcibistion process 40 an then be used i additional ways,  For example, the
veconcited rate and phase values from process 40 can be used o detenmine whether any
alents or actioas shwald be tiggeved, fn alert procoss 38, Typieally, the reconctied results
are anabyred by process 38 1o relation to prodeterrained parameters. For sxample, W the

veeoneibad s outside a pradetermived range, an alert o other aolivy may be

X,

alysis may ivelve g oserles of recovciled results which may e

analyzid to wentity a pattern or trond and may trigger analest, Beoawe continunus and

NP

uear voal towe data i osed, the nformation cau be analyzed in alext process 38 for

3

coveedationy which may be vsed 10 st Suuve alert parameters, Por sxanple, when an
event ovcurs, the data can be reviowed by an operator, via wob browser applhioation 25
(Figure §) for example, to determine whether o pasticudar end oy patiern can be
identitied whivh may covrelate o the particular event. I identified, the pattorn or wend
can be used tooaet new or updated alerd parmeters forthe panticudar event, for fmure

nstanves of alest process 38

L EiRg] Forexample, wells typloaily experieace pertodie shut-ins - oither plaaned

of unplannad. These shotin ovents are usefnd, I that weservor prassure detenmined
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ol
i

during a shutdn can be inpul into o predictive well mmdel 27, and cuamrent seusor
wmeasurament data thev apphed o that model o doteraine the avemge reservoly prassure

W, Pm

skin I oa ome

re of the additional presswe

wod pear svell bore over and sbove that reguired to How the Huids through rock

SN B

of 2 koown penmeshility (skin ncreases progressively as rock near & well Becomey

ia the reduction m the

darnagest due 0 scale or sehds depositiony while negative skis

s

expected pressure drop needed o How the fuids Buoogh the rocd at the neay well bove

st stimulation and fractaring of the ook or

whitch may ocour, for example. due o anific
the natoral onser of sand prodoction with flow, Preguest skin valoe deternuinations allow
cperators to better antivipair changes in reservedy perfornance and mors effectively tabe
covrective action i problame are observed, Thiv caloelation of reservalr prossure aud

skin factor for & newly shabdn well Wonan be vanied out by an operates In response {o an

alert fssued by alort process 38,

63 As iHostrated in Fgure 7, these dats may Be apphied o hydrocmbon

alloeation process 44 to apguwtion the sctual produced duid volumey teteeen the welly

S

and the reservolr zoues fowm which they prodoce, Tov segelatory veporting and finaueial

ACCOUNLING prrpn B oaddition, these reconciled data may be applied o reservon

simulation process 4, o produce or update & stmulation or a oosdel for the e
reservatr, Por thase and other purposes, the caloulated vate and ph&sa& data way be

averaged over a period of dme, o allernatively may be spphod dn Sraw™ form, witho

averaging, filllening, or other mathematioal manipulations.,

iBiad] A reality inomodery production felds ie thar activity o a pavticalar well
may impact other wells, For example, s production norease in one well may decrerse or
otherwise inpact prodoection iy other welle, 1n apother sxample, water injection designed
to impeve production of @ well may also have an impact o other welly in the field
Accorling W conventional fochnigues, s nterwelaton among wells I not folly

nismance, because of the laek of real-time

wv"
..,/
(]
poech
ey
ot
y_ﬂ
%

appreciated or witlized In restreonr o

Sontingons dat
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FHER According to this embodiment of the bnvention, as Thaxieated i Flguee 7,

aevedols 9 e eseniiescd 3 gk S T Tt S O N ORI £ "
iotive well models 27 we applied, In imstances of caloulabion process 35, o

()

HEK

enn,

mzasurements from melipl: wells W in the same production field, The results of these
muodtiple instances of caloniation process 33 are correhuted seith one another, 1 progess
A3 This corvelation process 45 may be paformed by caloddation scheduder module 24
gither on g pertodic basiy, or on demans basod on a reguest from an OPorMGr via remote

access fermunad RAL Corcelation process 48 iy contenyplated o include copventionad

statistical corrclation of rate, phase, snd other paramsters over muliiple wells W, using

the associated troo-Dase or Hme-slamps on those results 1o slign the resplly among the
various wells, For example, eiation of the rate and pliase vesults from multple wells
i oa feld i oprocess 43 way allow the operator 1o identify o corelation betwesn g
particulay activity in eng well and g comesponding mpact on another well,  Buch
correlation I8 not readily available v conventional sysiomy wing eppinies! models, or

wsing less Deguent caloulations. On the othey hand, by emploving the methods i

P

accordancs with this fvemion, oponors are botter able o op

Py
-.4

timize production and
fiprove reserveir mamagement.
[Glag] fu other cases, pseof predictive models in accordance with this invention

on nainiple wells Woin a fiold or reservoir oan help idestily suonmalous well performance.

e, dn the event that pate and phase determination sevealy a change in
§ts.ra:«:fuc§im§ from a particular well in & contain foldl the operator may expect 10 observe
certain changes n performance of other wells, I corvedation process 43 indicates tha
those sxpevted chanzes in the pesformance of other wells did vot ocour, v secumed (o a

substantially losser oxtent than expected, e operator coold thon carvy owl closer

V.

mvestigation, oy determing whether the woexpected change {or lack of change) s due to g

fault in the seusors o othr equipment at one of the wells, or ay unexpected charaoiosistin

of the reservoty formation. The fequent caloelations veselting from embodiments of this
imventicn poront o better understanding of inter-relation of well porformance, and s
enable operators o wore readily adjusd the operation of sach well 1o obtalp oplivoum

crverall performanee
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I The predictive medels and othey equationy i acoowdane with thig
fvention are proeforably swoploved v compating facilities located remotely from the wall
ard way sven be remede from the Held, Por example, senser daty may be tansmitied feog
regional o contral locations when rate and phase caloulations are performed. Bach rate
and phase valoe calovhated by prefevably stored and wade avatlable for display i both
wmamerical and graphwcal format by ssers. Such users may vy be located in Iocations
veryote from the regionad orcentral Tocation, For exanple, sach nesrs may be operators

on s platfrn or may be engineering personned ar other osors in other lovsations,

< A

TH IS The method, svstom, snd computos softwae ding o embodiments of

the invention provide Ippostant advana mothe opevation of @

%

fydrocarhon production Seld, Because data and information are contiunasty provided
i near-realime, according o embodiments of the invention, corrslations and trends in
the production from individuad wells and over the eantire p.s‘-:‘;ss:hss:h ory field and reservols,

cart be more easdy observed, and more timely obwerye b addition, bocause of the

automated nature of the monitoving system acooding o embodineate of the inventinn,
the operator can reoeive alenty of changss i condiions, OF GPOY COrlEin GUUURTENCSS i
the fleld. This allows operators 1o take comreciive or othey action with batlsy rexpome
than systems which do not provide real time continuous information.  In addinon

the huhan operators are not ndened with sifting thvough e massive wooant of

bR

measwemont dats peporated Trony nundern teansducers, operating at data aeguisition
freguencies of hay high as one per sevond pey transdacer. The nearrealiime calonlations
provided by this system are partivubarky wselel in detecting and being aderted 1o the onset
of svell How fnstability, slugging, and the Bke, and to the offect that snch condittons have
car wedls lowing into common Howhines

ding to emboduneats of the

LHE T In additiom, w5 deseribed above, acoo

fvention, curent measurerments from a seell can he applied o move than ong sell vaodel,
with a hgrarchy of models derived acoording to a messure of the reliability of the

measerementy from vartous sensors, the acoursoy of the wmonttoting system is groatly

f!;

¢ aieTn

mproved over conventional single-mode] snapshor methods. The monitorng sy

ks f.;

N

aceording o this pivention v slso able to manage these multiple well models, o near-

<
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-y

real-tine measurement data, in an antomated mannsy, thus frosang human operations st

e,

from Jdeshing with o high vohine of data 1o order 1o mumage the production field. In
sheat, the methods and wystem sovonding to smbodiments of the vention provide mose
acourate resulis, woa more tmely waneer, with less homan intorvention reguived, 88
compared with conventiomal wonitoring approachss in the ndusiyy, and wore vobustly

fronn the standpoint of sonsar and wransducer acouracy, calibration, and reliability.

IB176 In addition, the resolis frove well models that are vt desraed to provide

the most rediable vate and phase weaswrsmenty van sl be aseful o identify vonds or
patterns that may correlate to events, Such ¢ pattern Ov tend may oven by identified

using vesults from worve that oue mode! 1o identity g correlation of ay every with the
gornbinaticn of rosults,

6171 While the present tovention has been desoribed according o i
srnbodinents, i iy of cowrse conteraplated that modiftcartons of | and altenatives 1o, these
enthodiments, sach modifioations and aliernatives obtaining the advantages and benefits
of this nvention, svill be apparent o those of ardivary skl vthe ant baving reference to

this specifiontion amd ity drawings. I ix coptemphted that such oodifications and

alternatives sre within the scope of Bhie invention ag suﬁ:@sa&;uent?y chaimed herein,
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WHAT IS CLAIMED B

1. A method of munaging a flow test owhich a flow rate of Thad of a well i

the method compriving the steps off
» Huid How output from the

g eorresponding

deterntiued,
Setving measwrement datg

LORE
wall:
operating ¢ compaier o dentify o flow test toe nterval over which stable
recetvad measurensnt daia,

FRv

cutput fow measurements are represested ti the
operating @ computer o dotennine an end of the flow tost time bvtervals

and
st of the wall; the flow

then notifying v wewy of the complation of a flew ¢

st corvesponding to the recgived measurement data over the flow y

s
RS

gat tme interval,

2. The method of clatm L Turther comprising:
ahiaind $1R i“ﬂ'.'t‘_‘gﬁit‘{eﬁiiix ad PUESRIHT IRGAsUme sty from sensors o the el @ g

conreaponding to the fow test tiree itorval;

‘K.““hﬁlfh‘\ f COIRpuey 1 &*‘Q‘E the R

aturs and Prossure measemenis

at leust one predictive well model fo estimate @ fhaid rate from those mesasusmments;

comparing  the estimated  Huid  rate with & messured Sud rste
tved measuwreraont daty during the flow test tivse mterval,

coprespotding o the reee

wiof ol 2, further comprising:

3. The motho
comparing step deternuning that the setimoted Heid rate aud

¥ %3’1\‘}‘}&!\& 1o the

another beyend & oleranee, modifving the at loast

" Y
VRArIg soprana

By nontying o wserof resuite of the comg

ing the at least one predictive well model responsive

i

then modifving

R

vecebving & velidation sigaal.
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4. The method of olaim 3 Tusther comprising:
then oltatning tempersture and pressure weasuraments from sensors at the
well:
operating & computerto apply the femperatuve and DIOSSUIE MSASUISIEINS

o the modifted at least ope predictive well model o caloulate thud vate and phase

composition values from those measarements,

5 The method of olaim 1 forther comprising:

storing, 10 a computer-readable medium, data corresponading o the flow

“

of the well o which the How

st of the wally the stoved data comprising identification

fest partaing, & measuned fhad cate corresponding o the reeerved messwrement datg

o

during the flow test toe intereal, and 2 tme stamy indicating the date and tme of the

floww test

e,

The method of eladm L, funther comprising

(3‘
o

vepeating the recelving, operating, and sottfing steps Tor a plovality

wells in g production fiehd,

7 The method of olaim 1 forther comprising:
prior o the step of recuiving meanwament data, neceiving, from e
production field, 2 signal lodicating that the had output from the well has been routed 1o

a flow mates.

g The mothod of a1, Rether covaprising

oy

receiving an jnitiation signal from o remote svcess terminal, wherein the
steps of recsiving moaswroment data and operating the computer are performed

<

responsive o recelving e ntiation dgual
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. The method ef colaim 1, further comprising
then determining g scheduled time ot which g next How st of the well i
notifying @ user of the schedoled tirme at which the rext flow test of the

well s to be perfonmed.

18, The method of olaim |, wheretn the receiving sIop oomprises;

vecelving memsurement data corvesponding to the commingled fhuid flow

eyt of g plurality of wells; and

subitracting fhad fow values for cach of the pharslity of wells other than g
well of fnterest, from the messorement dat corresponding to the commingled fhuid flow
output, 1o determine the measurement daty corresponiding o the Tald How ooiped from

the well of fntdpext,

thed of clatm 1 wheein the step of oporating the compier ©
determing the end of the Hlow et e nterval comprises

processing the weenved nwaswremod daty o Jdotemune whether the
vecelved measurernent data mest & stability oviterion

then identifyving the snd of the flow test U interval responsive o the

received measprement data satisPing s safficency ortterion; and whereln Wontifying the

N

analyzing the recetved

end of the How test e

wmeasurament data 1o detcraine whether o pavameter based on the recetved m

data van be destved toosvithin oy aecuraoy vange 10 & predeternined confidenee level

13 The method of olabn 1, wherein the step of identifying the end of the flow

3

S e werval comprises:

measuring olapsed tme after o point I fime at which the received
TRESHE L g HIY 43 Y]
measurenment data mest a stability extterd

identifving the emd of the How ot fime interval upon the olapsed time

s 3 durstion oriterion,

N

TS
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130 The method of cladm 1, whereln the sep of eperating the computer
detorming the ond of the Row test tme iderval covaprises;

datecting a change mw the ittons of the welll whesein

Fosponsive 0 Feeeiving & user wnpa! indicating that the How test s 1o bo pevformed over a
sequence of operating couditions; and

determining the end of the flow test Gime interval by detecting the change
in the pperating condittons of the well after completion of the seguence of operating
eonditicas,

14 A computer 3, COTPTIS NG

3 commmications inteface for recalviy

it
e,
ind

megsurement data corresponding
Hokd flow outpaw from g hyvdrocarhon well

one o more ceviral

dng units § ¢ program indructions; and

DRGSR memory, couplad 10 the contral processing winl, for stoving 1 Sompuisy
progeam including program instrectiony that, when executed by the oue oy wmore central

DrOCRNRINE unity, cmnd the computey systam o porfonm a phurality of operations for

wnansgiig a Hos test ivowdiich a How vate of fhud prodeced from the well 1s determuned,
the plurslity of operaticas conymising

demifyving & How mst tme gerval over which stable ouwput How
measunmvents  oww represented  dn the measwrement datn oreceived  over  the
conumnications uartace;

determinig an end of the How rest fime vterealy and

then issuing 2 sotification of the completion of § fow st of the well, the

flow test corresponding 1o the recetved weasurament datg ovey the low test time Intervall

15, The systom of claim 14, wherein the measurement datg recoived over th
covprmsications fterfuce forther comprises:

measurement  datay coore ure

sponding  fo fomperatws and

o

messoremens oy sensors ot the sl

N

Uab & time ooy

esponding to the How test dowe

interval, and wherean the plurslity of cperations further coampisss
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appiving the wunperature and presses measurenments 1o at least
one predictive well model to estivaate o fluid rate from those measuremes,

comparing the extimuted fluid e with a messwred flad nte

cosresponding to the recetved measureroont data during the fow tes! troe intorval; and

responsive o the comparing operation  determining  that the

stiuded Hluid rate and measursd fhaid rate ditfer from one another beyond a tierance,

modifving the al feast one pradiciive well model

fe

16, The systemy of

=%,
7

claim 18, wheeln the plurality of operations further
appdyving tmperature and pressure msaswaments otained froam sgusors at

the well to the modified o st one predictive well voodel to caloukue fTuid wade and

shase composiiion values from those measurameants,

17, The svstem of oladm 14, fusther comprising

P

Eanory resoorcs, coupled to the one o wmove central processing wmits, for
storing a database;

aud wherain the plaralbivy

sevations further comprises:
storing, in e mennyy resource, data corresponding o the Hlow st of the
wetl, the stored dats comprising identification of the well to which the How test peviaing,

8 moasuved Tl rars

vesponding iy the reosivad

surement data during the flow

fest e nterval, and & time slamp indicating the date and e of the flow et

180 The systern of colainy 3 eherein the phuality of operations furthey
COmpE TReE:

then determining a schedoled time atwhich g next flowe test of te well s

7

i be perfonmed; and
Bssuing a notification of the schedoled time at which the npext flow test of

the well 18 to be partormed,
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2N The sy

vof claim 4, wherein the wmeaswremnent data recetved over the
corpmuicaions erface corresponds 1o covamingled Seid fow cutput of a plurality «
wells
aeh wherein the plurality of operations Hurther comprises
subrtpacting Huoid How valoes for each of the plurality of wells other than a
well of interest, from the measurement data corresponding to the commingled fluid How
outpal, o determing the rocsssament daty covessponding to the Thid Powe capt from

thewell ofmterest

2. The systern of clabm 14, wherstn the oparation of determiming the end of
the flow test troe inteeval comprises
progeasing the recelved measurament daty fo detorming whether the
vecgtved measuroment dats mget & stabilily eriterion; and
statistically  anabyzing the rocosived measwrement data o detornine

whether g sefficiency orifexion is satisfied, the eufficiency oriterion comprising &

determination that o paramcter based on the reecived measwrement data can be dertved

Co

WIEIHY A SOCURCY FANER o & predetermined covifidence lovels
senpousive (o deterorining that the sutficiency orttertons iy xatisfied, then

dentifying the ead of the fow test time intereal

20 The vystern of elaim B, wherein the operntion of deternvining the end of
the flow e troe netval comprises:
megsaring elapsed dme afler o ponyt In time b which the recelved
measnrement data meet o stability ertterion
sdentifying the sud of the How test timwe terval upon the elapesd tivae

wmoeting & durgtion srivenion,
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230 The systern of clabm 14, whersin the oparation of determiming the end of
the flow test troe inteeval comprises
detecting a change nthe operating conditions of the well, and
wherein the phavality of operations further comprises;
SRPOASIVE To IRoeiving 8 user input indicating that the flow test is to be parformed
over g sequence of operating conditiony, determining the end of the fow fest time
interval by detecting the change i the operating condinons of the well after completi

of the sequence of operating conditions,

23, A computerrendable medinm storing a computer program that, when
executed on a comwpier Sestem, onuses the computey systewm o porform a plurality of
cpevationy for managing a How test i which a flow rate of fluid prodused from the well
is deternuned, the plurality of oporationy camprising:

whentifying o fow test thme baterval over which stable mapus How
messurementy  wre reprosented  in the  messuromenmt  dimda received  ower e
copmmuepications interface;

detsrmining aengd of the Hew resttime butorvals and

Lo
5,

then issutng a notfication of the completion of g flow test of the welll the

oF

flow test correxpanding to the recaived msasurament data over the How test tine interval,

.
¥

34, The compaeterreadable medinm of claim 33, whorein the plorality of

operations Durther comprizes:

applyving daty conesponding to temperature and prosswre messuroments
frovy sensors at the well at o time corvesponding o the How test e nterval 1o ot Teast
o prodiviive well niodel o estiraate 2 Ruid rate frone those megsurements;

comparing  the ostimated  fhad e with & measwed  fodd nue

corsesponding to the reveived meavuwrernent data chertng the flow test time intervaly aund
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respainive 1o the scmparing operation determining that the estimated fluid nase

and measured fhad sate differ Hrovg one ancther beyond g tolevance, modifying the wt
lzast one medictive wall modals and

applving tevperatore and pressive measurements obiained from sensors at

Ged at least opne predictive well rooded to caleulate fhud sste and

the well o fhe modi

phase composition values from those measurements,

X

250 The cowputer-readable meduny of clalm 23, whersin the plavallty of
cperations Turther comprises:
then determining g scheduled time ot which g next How st of the well v
10 e performed; and

Bssuing a notification of the schedoled time at which the npext flow test of

the well 18 to be partormed,

26, The compoterreadable medim of clalm 230 whersin the measurament
data corresponds o commingled Hoid How omaiput of & plocality of welly
and wherein the plurslity of operations forther comprises:
subtracting thid How values for each of e plaraliy of wells other than a
well of fnterest, from the messuremsat data corrssponding to the commingled fluid flow
output, 1o determine the measurement daty corresporiding to e Tald How ooiped from

the well of terest,

The computerseadable mediam of olabm 23, whorein the operation of

processing the weooived Cdaty o dotermnine whether the

% RUTETs 73T G VYT O TN 3
veceived measirement date mest g sl ’?3.‘\5?}-‘ CTEIREIOm and

statistically omabyzing the meoived merswrament datr to Jdetenming

whether o sufficleney criterion v satisfled, the sefficiongy orilegion comprising @

determivation that a paramuter based on the recutved muasurement daty can be dervad o

WHRIN an accnrmey range 1o a predetormingd confidence lovel
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sesponsive o delermining that the sufficiency ontterion i satisfind, then

oy

dentifying the end of the fow st time interesl.

L The computeraeadable medivm of claim 23, wherein the operation of

detormining the end of the How test time interval covaprises;

medsuring elapesd Ume aflsr o podnd in time a which the recelved

measurenent dita meot o stability eniterion

jdentiiving the eud of the How test time nderval upon the elapsed tme

meeting a durstion criterion,
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