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location to another and, generally, span long distances. Pipelines are typically

monitored and controlled to ensure the integrity of the pipeline. This is normally
accomplished from a central control center where equipment settings and measured
parameters are monitored and controlled. Leaks can be detected by measuring
various parameters, particularly flow rate and pressure. This monitoring depends on
calculating the mass of the contents of the pipe (fluid), and observing over a period of
time whether the contents of the pipe changes in a manner indicative of fluid leaving
the pipe at an unmeasured location, perhaps through a rupture in the pipeline. The

effect of a leak on the measured parameters and thus on the calculated mass of fluid
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measurement system and ancillary instrumentation system parameterization,

configuration, and calibration. As the volume of fluid exiting through the rupture
drops to a small fraction of the flow rate of the pipeline, the effect of the missing fluid
will drop below the accuracy with which the parameters used to calculate the location
are measured. Additionally, common inferential mass metering systems often operate
within nonlinear regions of equipment operation thus degrading leak detecting

capabilities.
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[0007] US Patent No. 5,388,445 to Walters et al discloses a method and an
apparatus for detecting a wave front caused by the onset of leaks or other transient
events in a pipeline. Walters secks to detect a significant wave front traveling in the
high noise environment characteristic of pipelines, and to accurately measure its
amplitude and time of arrival. Walters discloses detecting a wave front indicative of a
transient event occurring in a pipeline by measuring a characteristic related to
pressure of a fluid in the pipeline with a measuring device positioned at a given point

on the pipeline, and outputting analog signals proportional to the pressure. The
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false alarmrate and i nprove | eak | ocation
standard specialized components mounted to the pipeline at selected locations. A
pattern match filter is used to reduce false alarm rate and improve leak location
accuracy by comparing acoustic waves generated by a leak with stored previously
recorded signature leak profiles. Yang utilizes a time stamp of the acoustic signal to
pinpoint the location of the leak. The system listens for acoustic waves to determine
whether or not a leak is present. Normal operating events (such as pump start ups,

etc.) and isolated events (such as a piece of equipment hitting the pipeline) may

generate an acoustic signal that travels through the pipeline but not a pressure wave
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accuracy by conparing acoustic waves generated by a

|l eak with stored previously recorded signature |eak
WORPHY 153, Yang utilizes a time stanp of the XREF(ISPAL/048831

signal to pinpoint the |ocation of the |eak. The

systemlistens for acoustic waves to determ ne whet her

or not a leak is present. Normal operating events

(such as punp start ups, etc.) and isolated events

such as . a hitti n t he e
TR & SRR oS IR AP, blDeR R Bdpuine fuse
t BRrds pel i ne but not a pressure mavecharacterlstlc of
a |l eak. As such, the Yang stemis nore praone t
4898

i $8U0hg fal & Batartnio. $.8 8 s Abhphimen g al glsglp@esg@glethod for
tq &A?ﬁl?aétﬂmgcaﬁﬁlgqgalgllﬁ Gl pgﬁegﬁll e MBI RA réa&’ E[ulgeeﬁtﬁgzﬁtig? rf;lgw model

I ne networ Inre
uthalt Iclzarﬁkgetazeﬁ Iftoww betdelor tibradt lcdsabac besteadsysanid ulwteady states, which

behavi or for at |east qne of steady and un
s FRTeRondiRg KPS FOA dingere il Bkt M ppetine network. A

pﬁ&%ﬁﬂﬁ%tl@ dRAR! pr, Qpe*)%ﬁgds td @va‘i\%?e Ripgk| bﬂ of‘ﬂé@tﬁrskatuﬁmd a no leak

determ nistic no I'S provi to eva uate at | east
ostatusfrelatingemkhs piptlise @atarok using deadrnanistiusriteed. at | ng to

th pelln netmork using determnistic criter

[ O} PTheo dhE or ar ey 5 e Eipstol Piosrore Bebab fRple these systems
Smset REBHve BN lre tHASCUFSEIFrRbRs (PRSI ddla BRDHIBtermined
relying upon conparisons to historical data or

predeted resuite th wﬂ@eﬂoe@tqr@@m whether O@rndtea leals igiprceqntd hbese prior art

sent [
Sy ChaE Bt B T8 Pac B EP S FRunl R P Ry of o potenta
afdaRr ERCHredRSIES bF pﬁopﬁrt aopt eéﬁchlahhérﬁ@iives'ﬁﬂ @cal time to take into
threshol ds of prior art do not rescale thenselves in
r aeqoun| perma) qhakges| intRIPABE M ationr nhihe SHaHgs 3ra generally high,

. %h W‘Jerlgplg O@'«{‘n'cggp duel Qe éﬁ&hf l%ﬁ’lgm 'ﬁ‘ﬁeﬁé@{)ﬁo&ﬁ{] %{Fﬁénllsy dJ‘h&l}ely upon

over anges e to sma eaks ese prior

a @tessmqﬁlﬁﬂﬁm dotiviot inroedor tol rietnrrpme slenpregpnpe bt a&ak ot rnyitrg, which
in order . to determ ne th eseng of a_ leak or

r GEDUFCUITHTERET nAE{OP i %r RN EATRHGE Heps; Wegonfirm a
pa&&&mmm 59@ %@tdmgeys hga%ﬁosteothe QBfick mfahéi ﬁéstt@&hhhg edent (c.g.,

event, nor do 'they diagnose the source of
d@ﬂicam trirgr, rguipment n(ad:fugcuonpr ddess spyteros doeqnlu gontimgously adjust

funct n ese s te do .not cont|nuo

té‘étﬂ‘?“o f?ﬁﬁ?P%% HB 14GE° uVr'i‘POP% POTR ‘\Pﬁﬁ %gn?fgéF ﬁ% pipeline
0 REfwRrkd) IWHDIE §6is Qifes@db@@{d Iﬂ@mﬂﬁﬁ WQtdbke prébiiulEard sthtsle flow through
desirable to nmaintain a stable pressure and stable

f ntcﬂ/\plphlrlmmgﬁwpﬂ@ obhmgssiin @resewimomni, flavh ang esmmenghiesiouthanges in

e an LN Visco
v 3}508%9 qfﬁhl %r1?1l1 Hulﬁ% %towg%nxﬁ ethﬁe tworg é(t.la%m&{t Iﬁ{lﬁmctlon
Mglcf UMEédeOprioredre sysidies erepiidtadapallt cﬁ)’e&b@ﬁ‘ﬁlngrﬁr figdse variations in
capabl e of .accounting for these variations in . .
pipeline activity. As such, these prior art systems may generate a significant number
of alarms indicating a potential leak. Each of these alarms requires some form of
action by a pipeline operator. There is a need for a dynamic logic-based system that
accurately responds to the varying operating conditions present in a pipeline network
while accurately identifying destabilizing events including leaks and ruptures while

minimizing false alarm events. Furthermore, there is a need for a system that

effectively manages the generation of alarms.
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formof action by a pipeline operator. There is a need
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destabilized events have varying degree of severity (with a potentlal leak or rupture
having the highest level of severity). Nonetheless, cach destabilizing event requires
some level of attention. If a low level destabilizing event continues without
implementing remedial measures steps, the efficient operation of the pipeline may be
impacted, resulting in a potential fail safe operation (e.g., insufficient fluid feed to a
pipeline pump, pressure within the pipeline is too high, component failure, etc.) By
implementing corrective measures to stabilize the destabilizing event, potential

ruptures and leaks can be prevented, stable operation is maintained, efficient pipeline
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pressure. mn is. tog

ParTeT et A SR himaiseof Petera FEARETER it may be

staﬂ@hdddZ(ﬁlrbﬁgel 1d@sdtidfk i stang faweBtand PRhesH ihalpigdiptlr es

and | eaks can be prevented, stable operationis

miHthi ned, lepedoedanne withoatl pspselpely e insepenisiny entignn dhg, sensing of

t \' [

o B EFe Y L RITE I ol FERGH RRCR RO Afghds! ZaffBlng rate

wpaimifned bh Earﬁplb ehtierl@nit of Okl desdune amsmﬁammsw ztsboc&z[’ted with the

aspect of the present invention, the sensin

pPBSHNG e Thewashiag wiasceReliPepaping @Xﬁ@fwm@hg% Etiyipmgpt and docs

th6: fg @?ﬁ e@%&n@ 9f LadiBolB 'oMchiERhiRl eﬁﬁ?ﬁeﬁt Bﬁ‘ttﬁe plpehne for

limt o pressure transmitter sensor associ ated
wptitposdseofpeyat idetectidihe Eamptmninggl is repatadpin etded tasletegmine the

o PESEHET oS TR B e O Feth bl IMERLT BR Tohgrosence

PbPEpbEehIE ARstAUTIARS 8Scrfin BERbeIHRLRELO:RNn rdPBn&ATRAE §Gising of
Is repeated in order to determ ne the presence of a

dést pisbdure wagesememtinglnde Idetegumevarraélon@mmsensed pressure waves.
ermnin SSIb|e dest |
1B Mgy 11}0&1&631?%@ Sfetﬁ?] gtc\%oDr&I; f/)nerp éc% ggtﬁgneu c Wht%e]f[]ﬁe% rylgd pressure

Sﬁ@é‘a‘y"lﬁdQﬁe m@ecﬁr &S b Bn e QIS caiyrebsis titheadelsEie bif M@k events on
variations in the sensed pressure waves. This may
i Aarasarzdehydraulist netwerlsopgyred e thisiheopipeting Bisfan. The method

Wg?etfaﬁpgl ARl e LR RN ﬁda@%@%ﬁ oP¢h ug@qaa* ankiation excceds an

eco ressi o aracteristic eak events
0 ﬁcc&p&ﬂ%&ﬁlﬂlﬁtdzwletm)dr duhlile prédrvaot &ys@ooy tledusei dshippli¢heithin the
pi pel i ne syste preferably includes

Th t h
dBEseTH Wﬁl&l%& fhsy Sighd 6?ddeméwa dilest BEp warqUat iVafying modes of
?ﬁ)%ﬁﬂé og&aﬁ&i: Eeoé et ﬁ‘lBQ@r\ghé}@Y)i@th ?luch@l PsRedPFrb@ one end to

t syst use as applied wthin the present
i theeotherorut of alisty m&ltimvdaattdn@emecaaueqnlmamd tight bneam@del,mfhere no

varyi.n el i.ne eratlon

RS AR RowRharBiR G dEmEREAE PO S e RSk FR SFsters rely
oiuia@ﬁ abfked $hredho®. WWhEH avn tiabsholt @ BRebeddd® AROhIBES is triggered.
and tight line node, where no pipeline fluidis

vmﬁtchdndamwa@n |ame@t nédlilfap@sqzmu inventioat ¢he) thresheldpwtilized phanges to
Séc‘?goilﬁ 0 FO& hén Xclél etc?}% 8pera 1n%lcgrec?n P c?rés ueV\po Eha‘hé& in operating mode,

Acharpgd NYopRatarh &sPeGior@hl ddis, Iﬂd’rﬂﬁ@ﬁhrel, ﬂif&lﬂéﬂt @ypes tofidluids (e.g.,
threshold utilized changes to account for changes in
t asodiperait diaee! dupla)l end A@ca&e@ afothe ipgls {ere- oﬁ‘éqvgt gigynd, below

m%goqmd, underwater). The threshold may be increased or decreased in response to
known operating conditions or events. For example, the threshold may be increased
in response to the startup or shutdown of a pump or other pipeline equipment.
Increasing the threshold prevents the identification of an operationally acceptable
destabilizing event that may be solely attributable to the component startup. When a
pump shuts down, and steadystate is reattained, the threshold may be decreased or

retuned from transient noise to steadystate normal noise thereby more tightly
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changes in operation due to nornmal noise, tenperature,
different types of fluids (e.g., gasoline or diese

WOrJ@V$$603nd | ocati on of the pipeline (e.g., alB&FdS2009/048831

ground, bel ow ground, underwater). The threshold may
be i ncreased or decreased in response to known
operating conditions or events. For exanple, the

t hreshol d may be increased in response to the startup

or_shut.do of .a ar .ot ment . .
PSR dPs R P B PRl B aPeCE i OR RAPPERL s s
ofyodll ARRY M detbatiby oﬂ@@searbﬁlad@ﬂl%eex%et By ﬂmz hétha®@¥ ®Bén identified if
that may be solely attributable to the conponent

stf@rrhms oipwes mapligtped BRRsEaNdodpsng e s dedgidon, ghe reported

%&Tl]t e&f“ gresgu?g d&pal eCS:'iP %ledangggecp fo ? SRS ﬁdlt gﬁgfn%eﬁ% known
ran n0| te ysta nor mal

t Pty crmraelohalg hictiyieeai drotid ngtribb@bky 36 emn paential leak or other

operatjonally cceptable destabi |l i zi ng events,
nBEAEb NG G e | He PESERGOTot haaborPsed PIPHE degBhissin Bﬁﬁ"ﬂve of a

e
TR IBAE HOROCLAP) DS OSSR VLIS, gy
r em mdr@de ] gﬂess]pe edlorossd lr @ pevay d@rary doe ta thel Brzedret exerted on
er it originated from.k el ine .
o BPFBa ot e PRt st e RGBT o BopBiion of the time of
PRIBALY @resklﬁ@%&'ﬁloﬁ’i heth e shRRIJfiréddn8 pBUBIE opcHifonal activities is

presence of a high speed pressure decay is indicative

ornade lte éktetmmt urfoguyme the) time deffasedial andhnear I@epqéunp dlistange between
s% }Véty ‘gxgd 1{311 5'of thhgjggsa{frgyrg epgongen a&lﬁ alelsaetsdhl%y e normal

pbﬁp‘éﬁﬂé ectax@rs;esorﬂpaﬁdgemﬂe ppkéd)@nll rd@mﬂce €al@lagibns against known

entering the pipeline. A conparison of the tinme of

r epshpe pagmestestpnd Haidoyasryonaetng gearpeipsdicss Thesepped pressure

p e [

IS5 RGO rPEL ALFP U T e ekl o o

dpﬁﬁﬁ@@ﬁﬂbéﬁMﬁ@hhhhﬁeaﬁhmﬁrty and the detectlon of t he

pressure response was c use pi. p

t he nor mal
atfldl ty by 1@;6?{3'95&}3|ﬂﬁgwtl t?rgb@é)act of ke qugqnélxp:vgntlon the method
C%kﬁgﬁ%h&g‘ the ml%tnervv&mnﬁrcﬁﬂhhp@orﬂme%r&ﬁmﬁ@ the location of

wave pr atlng chardcteristics. The sensed
prtleispmsé)lqadb&téalhnng a:vdlesmathrelplmlmg myentk mplesporfsastbethe sensed

t hr ou h t he eline tha en fil.e o

t RESHIGE o C FPENGehBrplE Rior G0B6 pors TSRl Sent may be
\Mréﬂam@a%hsﬁe 3t Peslc @ ?eﬂaﬁ)@s RifemeNfipbiiee Attn@dik. t e the event the
method of nonitoring pel i ne network may further

c dagpsabibeing event i ofi %hlggh hevel, dmpetmordﬁkqsr@epm@gierw@edlal measures

d é%g%gllg{ptzl% @%o?lnggstret 0l tt erl]cF %@ralglgt \Xésvgnope\zl:’\ahﬂlolﬁ sgstern shutdown) to

alﬂﬁnin(ﬁ@@tth@ No& of hﬂmﬂoﬁﬁhb Il dgstti@bhhd zhitgnevemt fMayact to the
be reported to one or nore operators of the pipeline
nSLRNEing epvigamee NP cteraining the location of a possible destabilizing event

in the pipeline network in response to the sensed pressure waves may include
identifying which predetermined locations a destabilizing event (e.g., a rupture)
indicating pressure reaction is sensed at a first sensing time, then identifying which
predetermined locations the sensed pressure wave is sensed at a second sensing time,
and determining the location of a possible destabilizing event based upon the location
of the sensed pressure wave at the first sensing time and the second sensing time. The

plurality of coincidentally timed pressure reactions are analyzed to determine a
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destabilizing event is of a high |level, the operator

takes appropriate renedi al neasures (e.g., punp
WOZHY§8¥R, set poi nt adj ust nent, val ve oper at i 86T/ OA§831

shutdown) to mnimze the loss of fluid fromthe

system and mnimze the inpact to the surrounding

environnent. Determ ning the |location of a possible

destabilizing event in the pipeline network in

R PRoh o e R eaeRer R hca T D e mpguls Kol The sensed

destadis! tbitPo@VRRbmbered for RadonPbIUA&) apd1lt kBdWAGarameters of the
pressure reaction is sensed at a first sensing tine,

t heneqt ganeling yystgm apd e Tovderellwd setiehin reaiPIHs- t he

sensed pressure wave i s sensed at a second sensing

t (0 6] and dét egcerdanegywithenptbenaspest obftheapreeans ithication, the method
destabi |l i.zi ng. exent based upon the. lpcation.of the .

sehetn gt HdRa 0L prd Pehet PR LRl hiRe vy of the
Se6afle geAsingng i@t ahbeepirth@thct prefinc absitiot &AL &ktt¥inty of the
timed pressure reactions are analyzed to determ ne

appobud destalibizing sHemftotane areeigeeraigic o thanipsting petwork.  The
pr (el t.lan. . ' ' I [-Svinati
eSS 4N RRISRE L FAE RS coRlhARE LR drhination
obf tpesssbibjdeghbipripgleivere baysit wonannkcd peesingiwaves withusnd or more
set within the pipeline. [0016] In accordance with

a R PE penssth eineling netyarkpresd e ORYERRY-on, the nethod of

moni toring a pipeline network may further include

dd@M7ki ni nglt teanether abprey obthe piEsybdBYLien to provide a system for

SRR 3, B P PR IRPHERE0GE g o

eyiiatiné actdnek edaynaci@dopeiat ficlitpfa tdeendifpelitynet least one pipeline
network. The certainty of the possible_ destabili zi

) 3 g .
e VRARCIigPNIGeEng die BbYdagirgandn@e desidnaraly SHetofhapthe fluid can
PPRW RS dERE Akl lfé&l'itg%nﬁ VRN ARBEEIRP AR §EREEUne pumping station
pressure waves wt h one or nore current sense
pi(which neayn édohndek a querpasdth gowmedidt fooths . at[ 08t Anel pipélsne segment.
anot her _aspect of the present inyention to provide a. .
SYEBH: For e SPRABPIEGE Bobs HetiREorers of (B pise rigvention
d%ﬁihﬁﬁh% bl AGt IEYRAL & FdRintA&, eibehedil PrRRICHSE FASKTR! Bumping
may include a first facility, a second facility, at
| stagonso ntorpzp ehéiliics egjsthttiooneraunilngdibiagf steigans, and off-shore
facilit d the,second,facili.ty.such that the fl uj
o Bl e BB o s o o TR il S B lefnery o o
f agskditition teRdnal ad Qﬂ“%ho&rtﬁilﬂn?‘l”ﬁﬂaﬁ@rrﬁ batdr@mal WhbE-bhoraytorage or
include a punp set) connected to the at |east one . )
pipprskessieg Beiditien ot refiagiye herngevorkis aat Iipisediorfverfpsibitiey Various
t . Wt hi +-Lhe sent i i .
SafBLAL I NapRGPRE BB RGPl LIMERN 80 comigepa o b
prathirc tHeawsopaef thictpresnt puepiong Bdcatpuadping sthiosageferably includes
facilities, distribution termnals, drilling stations,
aidt 1@t ongnpyap-  The pumping stations may include a centrifugal type pump or
pump set for withdrawing fluid at the desired pressure and rate from the upstream
pipeline segment and pushing the fluid into the downstream pipeline segment at the
desired pressure and rate. The monitoring system includes a plurality of pressure
sensing devices for sensing the presence of one or more pressure waves within the
pipeline network. Each pressure sensor device is preferably an existing pressure

transmitter associated with the pipeline. The plurality of pressure sensing devices



drilling platforns. For exanple, the pipeline may

extend froma refinery to a distribution termnal, an
WO/ I5B2e drilling platformor terminal to oRCIASZY/048831

storage or processing facilities or refinery. The

network is not limted to two facilities. Various

conbi nations and nunbers of facilities and pipeline

segnents are considered to be within the scope of the

present, i.nvention,.. Each punping stat.i on.preferabl: .

" RETaRY L Pais 08 TR S R RoCL At BREP Hgtation. A

| pigdt Yelesig 68A¢d bff the Pairt R cRURPcASin@ WBPIcSE 1b&ted on one side of

wi thdrawing fluid at the desired pressure and rate )

f thenPurhie oupymPewipd geicrond swgmerfteviasPighe Mrlpitniessure sensing

flui.d int 0 ' lne e

adsyifes Pk AN ShEERT RAPEF WP EHTR e oL Each prossure

i sedsingedevicepk gadbid yf @hsipp @88 bF ence psdsnge dewks asthfrothe pipeline

sensing the presence of one_ or nore press

re yaves L
wREMiORK-t H&CgnoRifarig systemouetheEofndss dsiiradte ghégpote monitoring
dgwiics d sS&igngnRr t '

SENER g EL AL VRGBT RS BIRA S cut e
ppespingestsensi nbhad esnaote spoeitermbdyvicesc modésr shpaperapdn of the

pressure sensin vices for, eac unpi.ng stati on. .

P PHEINE B3 HEer BE SRTPHEE s Pl UF THPuSe b ek dBim dhe sensing
daWie&S al oltRf #ftofiRe ANQics deERh ShecPHTRIG oP YWikksER! sensing
and a second sensing %GVICG of the pair of pressure
sdngtergisdepdratesly sonnsstede® ainlcast oppounete mewjtorige ddyece. The
punp..or. pu set.. ;,Fach pressure. sensi.ng _devjge |

HPRPEn SRR Ty BB BREE SRR B RElES ipsied to the

t PRirfitp i rBRoRREkBBidCing e/ ¢8R IToE 06 tRYIiISY Heedpckatfonhel the pipeline
includes a plurality of renote nonitoring devices | ,
opemerk baseg upem sgaels geacty of Awnt fheqrlumliy ofirgrpoterpenitoring devices.

S il . i . i . T T
RS0 ebBests PSRN0, LA, TIE vl
pinp@ldrk and etweniacarict ohtiecol pgpeibit destpbilatizg ofentthin the pipeline
pi pel i ne network fromthe sensing d&éices and ot her

MORTHSK DAY ddepndBs sesse RIesFure REVEE-url als appliegtioprisdstipaned by a
SELH e B gﬁcﬂrén&&?&@é\;! 3({1215%58%‘5@"&%&&1 FiciPloRhtcl §RSments and

one renote nonitoring devi The nmonitoring system

f prachssors. ncl udes a control unit operatively connected

to the plurality of renote nonitoring devices for

coou18p! | i ng Thhecapet atnitomobidet he rpalpahicneptireizaor kThe real time
based. upon signals received fromthe plurality of .

r SRBIECHORICEBIH YBIFESS 0 Tﬂnée_%%hag?ag Ut mo%f ddpedine network
t RgscAr ﬁé&{‘ Gfre %fsr&sf%as]gfegéu?e deslabi I\ AhdehoBY eHeS rdal tifl€ optimizer
pi peli ne network an etermnes the [ ocation of

pdsteithines cdstiabiok inpi Ngrigicmntis tha serised pirgselre nveaviee tawo piesent and

e B 1, TR LSO S A SR LB Rviion
of wRh 83 §HLE t& BTG &tenliRgRh8and NSibEIH¥ERstend Mhavior for the
current mode) or other statistical comparator (e.g., positive or negative rate of change
of decompression in the network). The real time optimizer may further corroborate
and determine the certainty of the possible destabilizing event by comparing the
determination of a possible destabilizing event based upon sensed pressure waves
with one or more sensed pipeline network operating conditions sensed by the plurality
of remote monitoring devices. The real time optimizer determines the location of the

destabilizing event in the pipeline network based upon the location of the pressure
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processors. [0018] The control unit includes a rea

time optimzer. The real tine optimzer determ nes the
WORPRESER of a destabilizing event in the pi p@CTAS2009/048831

net wor k based upon the sensed pressure waves.

Furthernore, the real tine optimzer determ nes

whet her or not variations in the sensed pressure waves

are present and whether or not each variation or

vari ati @n.seahqxce s an a%cepted Qﬁdrgevnmma&fﬂmzmuml

(WPHS SSPER T OB & PCATYY Vet & rﬁ Bae o et

Prfaekihre pH)eEhe n%y@@ﬂﬁ\/ﬂﬂl[ralﬂl@r chdrgcté rv{hﬁﬂtreﬁédﬁ JtoOthe empirically

ot her statistical conparator (e.g., positive or

négiarmined pegentable hydeawle Petfllgleconpr ession i n t he

network). The real tine optimzer may further

cirgbor at e Tandcadepkrumitnenayhalcosnt aémedialomepguses to address the

R ing | S B R B BER R S gD Bionagh greraing

u paranﬁ&% el PicSGHtY FVEN8SmMt! Ro@fyenOkhd Bk §if&The controller,
I pel i ne network operatlng condi tions sensed by the

peg/al theymgntepatastievigpneft wm@ena ay rgspgnscTRghe dafermingigon that a
0 S [

8&‘({81&%‘(&0& %gfgt{t@xﬁ? - eﬁlﬁg e%gttl% 18 é’glgt&ez(ﬁr ltgﬁi fsﬁ%'&ég'tte%i tH8 control
Olunit Meaypid essiroe Slﬁftﬁlhaﬂ]@al(ﬂ}e vias ichatiab mmeﬁomﬁﬁmweeﬂuid loss
wave of a particular reaction and the actual real -t

pi1oaY fliesysieat e Moy kemedial cneenuion dhayr AU blésaﬁ%@pt Jigited to the

t

P o1 ETE BHCE é%m&fﬁ%#??%%o@ﬁ RERRy ) GURPFALY Buuing own the

mpgelineslivotisglde dosy whkindespiablind, zndgoktisg thel leald widi ng

but not limted to the nodification of operating
PROCR0EL er s, It Rembeeehijcogodtheestoicpimaivientifotd Hoivity 4 Bestem that
human_ pi ellne controller, and/or the maintenan
r eUraincht PIOYSicH ﬁ%m arrrhm@%aﬁawgtetq 5 h G5 DR g Gpfse alarms.
t %trl Ig)%gla&%érét ﬁé]ﬁlg%h}%& Vér'ibl.\%rk@eagy%mte taH@Eranswnt
a rup ure or e contr un
| gesspurt prmﬁleﬁateogmlbrawi thyt enceqi tagtribetabldi tal a dﬁaﬂxum@g teent, but
n1n|n$ée fluid | oss fromtr1 %éfen1 The renedl?
ORISR MEFIUE Y14 M RAtGCTA Y dbalafg YEg
PQUEHBY tcPfl(gmféfl HeNRS of)&aﬁ&gh&’f@cafn' QWnbRatieof &flfges in operating
tenporarily shuFtlng down the pipeline, diverting the
f nmewnd /o phaniges m qreriting cvamts. Feoexaniphy chingingtik operaging mode

[ @020 I S _ano e present inve

groB} g%}iltdlé mggieéi eﬁ{ g{%ﬁ%fn]laé/ccireﬂgla yprBsrsgl\r/e WAL ¥, ntinn the network
a'g@vrlﬁ@ ABNROGTEAEM t SirhBHUC €hd Al Bpahtied of ﬁlﬁnﬁlﬁg Slﬁlts within the
allarms. During normal operation of the Q@Eellne

nacihork (L.gafursing RineRsdgn.sefhtos adiisting ansd Peeusagy glrive) may
prc?eal[ebg ire%glﬁre g}%\}gﬁl{tlﬁg L‘Ic{m@ %t\x%h? g%ﬁg %tsé % fotaﬁa%e ’i"ﬁ’es@ pressure

dest 1zin
waves reflect normal pipeline operation but may give rise to hundreds of false alarms

| These can be

on a daily basis. The dynamic nature of the system in accordance with the present
invention provides effective alarm management to reduce the overall occurrence of
the false alarms. This reduction in false alarms provides the pipeline operator with
more time to address and respond to actual alarms as well as heighten the operator’s

sensitivity to actual alarms.

[0021] In accordance with another aspect of the present invention, a method

and system for managing the generation of alarms for possible destabilizing events in
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nonet hel ess create pressure activity that generates an
al arm signal. These can be attributed to nornal

WORIWEISB498 operation and can be indicative of ERIAFAY048831

operati ng node and/or changes in operating events. For
exanpl e, changing the operating node fromtight |ine
node to draw node nay create a pressure wave wWithin
the network giving rise to an alarm Simlarly, the

nor mal. oper at.i on_of. i ng units.w.thin.the networ .

( fi_pg_:p_eihn? B?t loﬁlﬁlsﬂ)ﬁ%g&g ﬁheo%fsteg} prggejraﬂaé}z prforns \}g p%og described
f heguenmie ©EthyeindiRits GERaiCort RRGE WresidMeavak thithih thagipeline
network giving rise to an alarm These pressure waves .

r a¢twegls Aopredftepniped  laeatioper withign theupinghipe ghsjwork, saitergatically
hyp S f I dai [ he. '
B BlodsRinied IR BlcoholatRl T FRAUAYARRLAC ot the
| puedotctraimep lavdtioiesbaséd epdn adeatl angwofthoagantmg mode of the pipeline
reduce the overall occurrence of the fal se al arns. )
TREE OFlo FHEEEN O APGT AT f AW HANS A PR TRf BEMREK Bl &NITeR operating
0 Qh, Wt BifBRhe LdeiBrd O ifihg thes Oof ibl
aggaa alaﬁngqg? ge?#agg’hg?gg%gﬁﬁﬁh@gopgrggggmg of a possible
sdesabilizing yvén imdteyspelalcarctmork| §0dtdrmining vdwtigalwe got the sensed
wi th anot her aspect of.the present.invention, a nethqd
aREPSSYE THICH 67 _nfiﬁﬁi Y i REMAFS ﬁ?_ ¢ Qpypfine pigestiold.
Paspbilceodart abibtrhihiich, S8 NhsthbdaruRh&e licNRled dcBaking San alarm
provided. The system preferably perforns the netho
deskieatibg dhh@oesiilble presenereohadicstabiligigscvsahsihagy thgsensed pressure
nore pressure. waves Wi thin the pipeljine ne r k

el cPRTedT ot Ehs Ple R i Phe SebBe PRatRe yfispotd.  The
adtterminkGa bﬁ/thagfds&tderw adopdiBldeleanbilipiag csém@hh ehe pipeline network
operating threshold for the pipeline network at the . .
P ERSPRISHI P ARE scpsed PIEHRIGYaRes MY AurHier ircdude diectige vapations in
oper at e, pi i ne- , t e
OB B8 o R Rkl RLcHERL oC UL BB dptected variation
Cuxdeetd aiopasepted ngandw@ndesidtiont Mthepicpgit¢hetamdatdwdekaticanalay be an

determ ning the presence of a .possible destabilizi )
e GERErIGaHy t %@erﬁina%c{ i Stk isvietiny deiher Mg e AMater include

0 rdetg%inﬁr%ewﬁ&'ﬂéle 6r REESHBLURYES J& igsgfotﬁeclﬁgeic%fsﬁg is present

predet erm ned stable operating thresho In response
t doltdvengether déteciononf # heriatedgrhoud feusddheressurel wdess. When the

ORGSR SO DR R P R
waves exceed the adjusted predeterm.ned stable . .
op2H i ng t Kt @s"‘r’i‘@ﬁﬂ’? agpret 881“& PSR i IBYENEPN (T Prids & fpenitoring

ofy RoR A8 5 BBl 3L RiliJidd ReRY &L difklinRendRhHi&! dd¥diagnosing the

network 1 n response to the sensed pressure waves my
f degthldlizing ebade taeteetfyi (Mgthe dodasivn ofishd sanchandsien séantify potential
ressure waves, .and deterniniqg mhethFr Qr not thﬁn .
easures for t € system 18

g SPBEY @aldvmegfql ozﬁld/or corrective ¢ same.

especially useful in diagnosing both high level and lower level destabilizing events
such that corrective measures can be implemented to minimize any long term
detrimental impact on the pipeline network and to promptly return the network to

stable operation.

[0023] In accordance with another aspect of the present invention, the a
pipeline monitoring system is provided that diagnoses the potential source of

destabilizing events. The system includes a control unit that diagnoses a potential
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exceeds an accepted standard devi ation. The accepted

standard devi ation may be an enpirically determ ned
WO0M§8¢93 devi ati on. The nethod may further i REM{IFHa009/048831

det erm ni ng whet her or not a subsequenti al

deconpressi on characteristic is present follow ng the

detection of a variation in sensed pressure waves.

When the characteristic is present, an alarmis

enerated i ndi cating..the presence of a |eak, [0022 t
PG gurte b B AR BERIR Srllafle R P gREGEbe sensed
adeBayiliAhg BYeri WSingnar efpeatetaed dignéeldistsabidutiat REtheMEBEss one of
in a pipeline network and di agnosi ng the destabilizing
event desiabiligiemevenys.(thy cupent ercstingnmefic hdha aipsliaggetwork, the

id ) ks - ial ial : X
ik R0 CBAEON B R8T, ARy g v
espeipiddiyic uswfouk. The corm@hosit Agy bddoi fhighedia wedasidto isolate or
| oner | evel destabjlizing events such that corrective

mEREEH i ROSHDISEICP PRI BRY 1P 6°SRPTCHP S IRARGN tt gypossible
dﬁ@s&éﬂ{?ﬂﬁ?%vérﬁ@% s. OfheldAGerRi BE A tﬁbﬁtrggdrktlﬁﬂgmte@ial measures to

pronptly Feturn the network to stable eration. '
[ 80 2B3raton ofi dgripemeenciwaerk. dnistahwer consqpedatedthat He control unit may

present. inpvention, the a pipeline nonitoring systemis
pPBR?F’&E&aIBh%’\‘FClHF gtfr{sglggla{ lE]ﬁgsybllf)etsenti al source of
destabilizing events. The system i ncludes a control
unit that diagnoses a potential cause of the sensed

dﬁ}@?’e%é&é@% ﬁ‘ftﬁ@tl)&%i&%”pa” ng the character of the

S ' usi ng an expert based

di agnostic subroutine with at |east one of prior

destabili zi events, th urrent operating node of .

RO el £ ndfdbikspiie #HE oflF Nt oer ok Mg Eatd Fitbtiwe may
| Beddh®e Ripagint Dol RlaWRpkh &Rl IdWBg Abtall &NHcseRBiA AMtBupon reference
events in the pipeline network. The control unit na

i tetheidigwingsratiergin liksars ferense nomiceds daserilyr lilkeol¢raents angewherein:

GETERRA nat i DA hdt 5" RoBERR oWBULFIRRRE, hjebdpes with corain

exibs-of Thepre @t feehnitfidst My then report the renedial
nmeasures to _an operator of the pipeline network. It is

all8®26t ont empll@t 2és ahesemmey corhodanenwif thaegptrol center of FIG. 1 in

i.cal ] : . Brief
R s R S BBl The f or egoi ng. and

of6027] advantFages iohn teRemplass embodiechnbf)ueremyre beoen@used by a
apparent upan reading the follow ng detailed
dé%\*‘i%’f‘F@Plﬁﬂ@ed‘ﬁwrF@EgFéﬂce to the draw ngs wherein

| 28] ©F € engq AYNEL 8k Lhbiidbieore] 8RBRAYShER to a pipeline
V\Aere?n: [Oggg] FIG 1 |@§§ﬁ exerlrpl ary piiggll i(yne PP
nepeatok i thacourdaroeer wiftfHiGe dr tnaigrordance with aspects of the present
techniques;
[0029] FIG. 5 is an exemplary embodiment of one the logic flow in one of the

aspects of the present techniques.

Detailed Description of the Invention

[0030] In the following detailed description and example, the invention will
be described in connection with its preferred embodiments. However, to the extent

that the following description is specific to a particular embodiment or a particular use
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aspects of the present techniques; [0026] FIG 2 is an
exenpl ary enbodi nent of the control center of FIG 1

WO 200%58¢2dance with aspects of the present te®kR{HYS/048831
[0027] FIG 3 is an exenplary enbodi nent of a pressure
wave caused by a rupture in the pipeline network of
FIG 1. [0028] FIG 4 is an exenplary enbodi nent of a
di spl ay shown to a pipeline operator in the contro

ce r. of .FI N accordance spects..of th

oo pubh il lofGa 30 PR o TR RE i e invention i
eﬂb@ﬁmﬁe@&o Qhe @mlﬂdw@mb@cghﬁnﬂ‘sl d8Lri e d oo vof blﬁthﬁth%ﬁ P@6 tiivention
of the present techniques. Detailed EEscrlpt|on of the

| Hedusieh 6H dliousoyes madhecations o sguiyalenis| faling eidyip the e scope

a invention wll be described in
cgﬁtr}]%c rﬁigevlc{aﬂ‘ﬁlts preferred enbodi nents. However, to

t pE03axt ent Thaprdshe ihadntiomingdirebesictol gdyistem agl mipghod fforcdetecting
to a particul ar enbodi mnent or .a particul ar .useof the
i Hire ﬁ@quawncq o sdes@biligtngn geahts dn e P (s tipSiweopgtyorks.  The

A@&Hﬁxﬁ d ?rgloesggﬁlzid%v (§C§ﬂ Efi‘rg@ﬁ&edl to"nk&HpAQ atngeevertlt or activity

specl I ment’s bel ow, but rath , the
i medbing nbuit noabu déesited Itoalld:a&s natpues, qqudinidént afalkun@, equiprnent
and uivalents fallin thin the true scope o

A PSS Ti90315" f i P JBRE AgeR oAt O the stable
dpp&ati&e of & he rﬁeﬁmk”ehh QbrticOlar, 08 tr@ALUINMG opiiizer (RTO) is
occurrence of destabilizing events in one or nore

puuphmdnmthet ﬁ@WWSOWh@mﬂBﬂ rindolPatg yA cqiiéstiab (3G APAG unit to detect

ent [ n ass, any..even
CEERY g it el e B R R 0 B Phsbin g pivtine.
egoinpaRiY thedd tddb@sns Wl ichpRidal [fredctdtttiddorcepalitigsfor the current
errors, etc that may have an adverse inpact on the
spawliae wéf:mlmﬁat@fg thage prasEppn@upt hiokrown pipeline events, using a

\F/)\n elt%ﬁogiu@onatadlgtgﬂé1n%odﬂr§et9tﬁglh%%g§tt(lgﬁ@ssdré réﬁtc'tlbﬁszﬁ‘?gmated and

pervi sory cqui sition
( Sﬁf&ﬁ}&)ngtmhér rtd-tied epdratiemt dith lto Zd)m@ooeaﬂe I&tesoacnrrbﬂ[t& of a rupture.
ressure reactions wthin

p| Lne. by det ec p
@ﬁ IS HpaTt iﬁj)fﬁméﬁésqdége{rpbfr@tem feigpie PB%TP}Z;? the safety
d%\g@ &ﬁﬂlﬁ%ge @l@&%ﬁﬁh‘ehﬁa‘l’ ifhBhct!dFane ﬁe@iﬂ& dﬁb R@ldeﬁlﬁblhzmg events

m nating those re ctlons aused by known
piwhélk icfifectenetyn trenagisg thy @nemtibodf elims ements.dil's takricn ghet ¢etection

EELITNTSOREN = NG S T e

C@péraheiAldetatiiin ARCYC ADACENIOf Fdnl ﬂ]létaﬁﬁl%ls, if a possible destabilizing
event is detected, an alarm is generated via the SCADA unit to alert the operator of
the pipeline network. The information used to assess the possibility of a rupture may
be provided to the operator cither graphically, audibly or textually or any combination
thereof. It is contemplated that the system can recommend or automatically execute
corrective measures to minimize the impact of destabilizing events on the pipeline
system and return the pipeline network to stable operation.
[0032] Turning now to the drawings, and referring initially to FIG. 1, a
pipeline network 100 in accordance with some aspects of the present techniques is
illustrated. In the pipeline network 100, a fluid, such as one or more fluid
commodities (e.g., oil, gas and products produced therefrom), is transported from a

first facility 102 through various pipeline segments 104 and pump stations 106a-106n
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The RTO is an expert algorithm based control system

designed to optim ze the safety and m nim ze the
WOHW8tdent al i npact of the pipeline due to PCT/US2009/048831

destabilizing events while effectively managi ng the

generation of alarmevents. To enhance the detection

of destabilizing events in pipelines, the RTO anal yzes

concurrent or real-tinme operational data fromthe

S A unit, Fr .Lh n is, .if. a ssi bl e -
GBI opsea  dOhE R G PR  lia g be e
VieRilith @ssocARA With thd Sroah@ioh, pﬂmeem@aamfan@ﬁomﬂ@ of oil, gas and/or
pel 1 ne network. The information used to assess t he

P

p@g)ﬁugtjs|deflye(bfhegeffqgrpﬂrmhgim@pub@otdrrg\y@dd‘@d anPitfiedd productlon tree,
0 y lo¥r

ORFHE Oy DR BABF ALY on ST Gy Bt e i
Syhitfern caro ff- S TdBadhudion trangbiteddd yereinat utfineries, petrochernlcal
carrective neasures to mnimze the

ugpact of

dEAStIEIss] 65+ nEPcaRiBRInS SSEMERS 19F sy iReludy LebulaT Apembes t fransport

t BF fﬁﬁ@@&ﬂl&%dﬁt’%ﬁ Wérgth}&lgﬁt aﬁ'sﬁo@lﬁeﬁ@hbt@&‘ thdtQD32l be any integer
Turning now to drawngs, and referring initially

t oufab&. arfl, that ];hlfp ellnbn@nwet womkrely0 ori axcaptoy garrescsni Fhr instance,
qg s of the sent tech ues I S |glustra ‘
R ST BpET RemHE U GE S08C o TALING Praghieh SHY Shisisgiion points.

rrgfa%clﬁéb%dh& 9{19391% tals %@ell(z?s &y, n@hber oFaSeARiRE At ations. The

produced t her ef ron), Is transported froma first

f amstnttlyve_nogn ishinguged {ariso insvasioue tynee of pipabieg Betwvorksgmging one

statl ns 106a-106nto at | east a second facility

185 0?%% Wreey facility 102 and second facility may be

anoo3Baci | i t Thapempistdtdds Wb 1 ddneinpluaeiigicl more pumps 110a-110n,

processing and transporting of oil, gas and/or

pp@@ Q8 t9re|senisoBdl IR &Ry BT RIC i TRRFCHetCok0Rp 18P R e d'he pumps

) r i y

atAFF 1 B iR ReBAP B ook [t G RE R BF nldib pus, vriabie

affireqlidncs hivive (WHD)| pungpspnatolr ahd?mkan "Rhé fpr&hmeesensors 112a-112n are

distripution o ransport termn refi erles

petsferelaripeased @%{E .ulp?tfqaego dirst ppip HaO,ﬂeHOﬁén &lgiapifegm of the

1 M u S i

con [t 1011 Lt “ﬂﬂ%. RGP ORATSRRG 9 Uik Fie 3

miihe ltm:t@m y08artl @fpeare mymtxaéky lagrded drdy whigiesthe fiosléomeneditiss enter or

for exe ur ppses. i nst ance, ot her
i P%‘lqu{%‘ia_@easgﬁwavénﬁ hul'tiple product
St[mm I nﬂ%cﬁlh@c{r'gopﬁidnﬁ@mt&r e tioR éfhecPpip&idengstwork 100,
as me as any numper of internediate punp stations.

Tw@n@rseyemssmnb@ndud@nlcps suah éndeaotcomonisangnderaedsold), 121 and

b%llg%ac_fhggs alr% 6@?{6 gctop ﬁ G k S h av | rglﬁlélg??tg ég{alé%u? OR%IiaE(OjnaSl, settings,

ORchicH &L Fvgﬁﬁ)‘ﬁnehﬂ. QRttingd % g. ORQuUPMCAD I #at8ENSRNSand measured

112a-112n, /or one or nore neters 108a-108n. The
pbAgEncters (c.g., pressure, temperature, flow rate, etc.) of the pipeline network 100.

The remote devices 120, 121 and 122a-122n may be programmable logic controllers
(PLCs), loop controllers, flow computers, remote terminal units (RTUs), human
machine interfaces (HMIs), servers, databases and/or a combination of these types of
processor based systems. These remote devices 120, 121 and 122a-122n may also
include monitors, keyboards, pointing devices and other user interfaces for interacting

with an operator.
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110a- HOn may i ncl ude one or nore synchronous

el ectrical notor punps, variable frequency drive (VFD)
WORIMS8RAd/ or the |ike. The pressure sensors PEFHISTA0Q48831

are preferably | ocated both upstreamof the first punp

110a-1 1On and downstream of the [ ast punp 110a-HOn in

each punp station 106a-106n, as shown in Fig. 1 and

Fig. 3. The neters 108a-108n are typically | ocated

s her e s bt s deSQTREIk B, 5B $ha 3524 EBMEANSe ocated in

MBR@EiEmaRb MBNfifsefaciiig 10Dguaty @itk 106€ 106 eahd B&ond facility 108
network 100, various processor based devices, such as

r Enenllecheiin fiom Hg sersore b themperpional igte; soch qsz%@rat@pél Settmgs
oL IUEAR, B b WRBITHILGRE A REN s witn

( @ipgline actwopkre00. SII&t wntromsngn)ds aren rrbaswlpnhemafeagr;epmnps 110a-
(ggg, ressure, ture, flow rate, etc,
pi

.of the
rRe i IO G ORM YR St b elan é%aYﬁ%Imli%IlbsaWa distance
1408+ Fltrw% s b 95 ﬁgﬂﬁﬁltt@d b9QisG/ieRBE [r%édﬁéér that is part of the

(PLCs), loop tontrollers, flow tonputers, renote
t eqmpmaht omitr (IBFAI3PSn. MHmmhna@dh o thicnemofadesces 120, 121 and
(HM s servers, database or a co i ation_.of .

{ hewsl yaey BhShieR e el PR ot et Bty ane specifi
dEM ?%%atfb%%%l&l%ﬁ@ ottt ifdan MmBYityal %@ dnn&tandifle, the operational

moni tors, keyboards, pointing devices and other user
i netengsamey indpdg dﬂf@rmt thy diapvhragh oper aﬁamsz Heg3sfucer additive

DR il R SaeraB S o PRA, S By G PG ey arive

PYEmnSs, oo Fide 319@@ %19@1[116 speheaBCIad htiahi bf ﬂMldeﬁhfantanks in the
caoll ect data fromthe sensors 112 the operat.iona
daacalitisy b7 ard dP&r Hpidofrapesaienc mirsswE nethenpipelincgspeaents 104,

fﬁ it, rb%tﬁ@ﬂhﬁ%%m Ohd/BELGES intdBR: 198D 875R e@fc@glm 121
Wit R otk ToB s P ok aes

|pe i ne ne e control signals
f IaﬁJanRIBEIBmuiemmtpr((@sgand gparapise ddkdas colidrol aipghblsrin local memory.
net ers 108a-108n) and sensor% 112a-1 12n ma
QI‘

be,. .
| Iifhisgapyert He et A ey ms?‘b’é’ﬁaq?gmﬁ%b’ managed
b ortfﬁﬁﬂéﬂa&tﬁs&l&yto@hmn%hc&ﬁertlrz@nsducer that is part

the equi pnrent or neter 108a-108n. As such, each of
t R036& ot e déwi lceemtelz’(aV1c¢Q1129nd212@Iai ﬂZZénIEi&y 1mtpmcatvelth other
tral n |ocation f

= Bt Db o0 A Tt BB AOBTOIAeHET fpap tirahenvot 124 o

f gtk t¥oceh$ tiRNo ¥ ARk E dath Ne TAP ROALbIORRkerS 206 |n|ﬂ%51n@RMe one or
i ncl ude data about the draw rate, punp status ra

r @dm efac1htz|@h, twivieh (hORW) viniguscproeesserabussd dexioge I@V@gu@pllcatlons
DL B S P8 B SIB ST AL DR 100
f l1o8l dwltrﬂhitéd klank shd piptie network 100. A control center 126 is shown in
greater detail below in FIG. 2. Because each of the remote devices 120, 121 and
122a-122n and the control centers 126 may be located in different geographic
locations, such as different structures, cities, or countries, a network 124 provides
communication paths between the remote devices 120, 121 and 122a-122n and the
control centers 126. The network 124 may comprise different network devices (not
shown), such as routers, switches, bridges, for example, may include one or more

local area networks, wide area networks, server arca networks, or metropolitan arca

networks, or combination of these different types of networks. The connectivity and
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facilities 102 and 108, fluid tenperature; pressure in

the pipeline segnents 104, density of the fluid
WO28M58402y, and/ or batch interface. The renot @CAAHRENH48831

120, 121 and 122a-122n receive, process and store the

various control signals in local nenory. In this

manner, the operational settings for each | ocation nay

be efficiently managed for further distribution to the

Rt 330e SRS AR el R Rag BRU FRE R dovices

| Qe@telle @3bntR R cMersMR6Es GRIHItEdd BLMbeS ﬁ(llléiﬁn\the’iart he
network 124 to further process the operational data.

THO3Zbnt r ol AcentErls caney fag 1|Tlné‘FQ9(§‘éan§?1eW61P aspess of the present
f %@elﬂ!ﬂgﬂ S’lllug\(ﬁ]a{t&l1 pr'?%g V?ﬁé 8 8@%?@% 1@3&1%d to monitor and

devi ces havi ng ap i ons U I zed to manage

eqontranht qu@nfmn lahd Keissens Of 2- IJJ]Q&amlthJ:anpeirnerrmt%ﬂ( 100. As a
108a-_108n di i buted along t pelln netmork 10 ,
ASI?F&FﬁCr Bmple he gpeaen E‘FFBRWGEE’Y&IP%%&“&O BRI 120pRicydlp code is
ﬂst@i%lo%v iP& ﬁg&gﬁx %Zcﬁ'hgt:oﬂtqu deRITPY 86 HEYIRES: %xéngs%%l control

and a-122n control centers 126 may
| ondtlgd acquidiibd S@ADAYeoy28Pkoeplbdpatarions corgint deases 214a-214n

13l ShuPHoel L ohik AL BT AR REvERt AR ok aPPRRp G woces o

d@gérﬁt%sthél 8&11131%8& nariﬁJe BpRRnclBdRoAN (. hWh‘H@ Atdille SEAUEA Snit 202
he network 124 may conprise different network

dmllgetgat@ch ot slg)iqbi/\}pg appg@mateéghaﬁ thet eongrol setiterckidsmay include one or
ggrléogg Eog?lv&%oré%lgn %EJAGDA unYts I‘lfl doer rr%]r% n%rstqu't%lﬂg u%lts to manage

ar ea S, SsServer are

NetNEH SICAIDA Rits ﬁp&héﬂo%ﬁtral @@teﬁa @EMIEdBres.Or
conbi nation of these different types of networks. The

cm&t i vi t yhamfusRAomit B2 aentolsp long 21 %@f@twurl@nm %omponents
AL S5l AR 2RP TR RAE, LSS SRR 4 N o

| Fot h@stﬁfcb tHeOBGAD AA wnén20D Imayeinichide 12 SUAD Acaplidatinne204 that

W.th aspects of the present invention is_jillustrate
| iBHES OS oT OTE SHIYGF REREER. TEREIPSS B YEEFHOBS atdlor code t0

T%%!n%%é th@ %ﬂe&%ﬁ Bp{hehﬂ%lﬁg %R&H‘EE 4 O@nq"hé SCAP 5 afyﬂl?vﬁtlén 204 may

t he pel i ne a specific exanple
ofindte @QSy&tDNm hyeTEbVERd'; anttreb}cABlBr dhc.chbm¢ltion 2§, GE, Inc.;

pseudo is-.lis bel i n e ro
Carer UIZSS bicroniBy S5seTs et ByrfRCB S g andiegSCADAC nic 202
AGEtL Rk t b Oflatd LeMMnibioh ARAukOVPbeshd & \W@fab®ds 208.  The data
control devices 214a-214n via a network 212. The SCADA

uebmmpORapenyingeslca Mpelnchsicoper sicobr o irstiaetiess thy manage

S\ﬁ%{lg{uilctaﬁ% eglutgdg%&t dev1ctets Etgfp'rB& gléepgée}@ﬁ{d)naﬂ?&tmgs from the
s h@tbtd déeloapplzecmlt et 1 bad-12dneatcartifiol inevileor pafiideyquipment
! rs]gtltlrl{gsetootr}]lg dev1ces 120, 121 and 122a-122n). The database 208 may be of any
conventional type of computer readable storage device used for storing data, which
may include hard disk drives, floppy disks, CD-ROMs and other optical media,
magnetic tape, and the like, which stores the operational settings. The SCADA
application 204 analyzes the operational settings, which may include converting the
operational secttings into a specific format for presentation to operators and/or

identifying alarm conditions. The results of this analysis, along with the operational

settings, are then stored in the database 208, as operational settings and operational
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nore | ocal or regional SCADA units and one or nore
mast er SCADA units to manage the | ocal SCADA units in
WOR0Hers8@adnt rol center architectures. [0038] TRETREARA/048831

unit 202 contains one or nore nodul es or conponents
that perform specific functions for managi ng the
transport of the fluid commodities. For instance, the
SCADA unit 202 may include a SCADA application 204
that ingcludes one or nore software.progra routines, .
S Eorigr Thofl R P Rba TRt LR Fi e BT ppl B Raniced o
OBl BsES oftdaditidnRES € AP ANG1ita kthtPRcatidis. SCADA
application 204 nmay include QASyS DNA by TELVENT,;

t by ABBaddifen, thergnsrationplopetiesamd pprationgh gengrts may be

Nt er [ I } .
SO, P LGRS 06 b0 e Rivdces NGu210R, via the
2@6waiid 242 datpabdde ad @peraldrew i tdatac gy e edal-dmenmebudton of the
206 i.ncludes a set of insﬁruciion t hat man

cBiRLiRG aatioskd O ¢ Hicoeemeio devicend 4 n W&E%E@Enﬁuﬁ‘é& servers,
0e%ﬁézqgg@lgdz/%ﬁﬂaﬂmaﬁn;m&%%ye¢e§ gl?gﬁ)cg%\’)ir sss,%g é@&emsl, 29hich may

and 1 n at specific int or provi

eqlsd prdude digilsy mys (Eg. troeitdswr oder YR0a! diglayndkeyboards, pointing
122a-122n)., The dat apase.208 nmay be.of an

COREm DN e oG LT Wi ehERGrelge Hay petwork 212
uS@sbhf 188y fHcRidk REnifA BmpWNmE o BY nétReHu iR, halytheditiised to provide
drives, Tl oppy disks, ROVE and ot her optical nedia,
magmenisatieipepathn dbativecr! jthe, cowifad hdetiegses 1¢r@l4n and the data

operational settings..The applihsatf.on. 204
RG9S i, ST i e SR PR, BRR 202 Al e ppgwork 212
CQMEN flafdnélige aresiaiti pRbrkaRt HEigs (bt ShawHpatiyfinClude one or
format for presentation to operators and/or ) .

i arane ilacH AtpadlcayeRke oH dech gEca naEoikas it Bay plspHpglude wide arca

?ﬁ@%‘?‘l‘fss’mﬁlrogaﬁgﬁgﬂeé%% g&gggggg; Sg&ﬂﬁhaé&{ bF M98 Afrent types of

en store as operationa
s attwonksfoarcrtapepatatiomal Tiepaminsctivityemd sbef dpercat ozl by the

settings and_ operational arts . be synchrani zed . )
t ORFHEEVIaSt 2 0 didE DR ISCADR PO Py fiRsskilled in
| ggafions. [0039] In addition, the operational

settings and operational reports nmay be presented to '
plek®sor bdsespedey itimepipebu hetamric d0.r bk operataresnters operational

214a-214n, .via the work 212.to prqyjd n opgrator .
WFFOGRTY B0eNE T BS CTRE SRt P okt o TheR Bperationsl
PiR@LLMhsNEhI Kayl R IudERQuipaidht Yttitle\draRsw 2atéPor’diftbating modes
may be conputers, servers, databases and/or a

c Ginbi thgghttilion noddet dredrawtperdss, iof cproplesarorcopumdcassdsioathg SCADA
whi ch o include displa nj . O & QK $y O
oerere<lPY a8t Tl 85t SLRPLBLUE Wbl Ro Mo SEADAlnic 202
anthe SICED A usar202nt@td aeepcfativndl ih@f@ddbndig thé Harabdse 208 and may

operator. The network 212, . ) )
synchronize the operational instructions with other SCADA units. The SCADA
application 204 analyzes the operational instructions and converts the operational
instructions into equipment settings, which may be in the same or a different format
that is accepted by the remote devices 120, 121 and 122a-122n. The SCADA
application 204 converts the operational instructions from units of measurement for
the operator into units of measurement for the remote devices 120, 121 and 122a-

122n. The equipment scttings are then transmitted to the remote devices 120, 121 and

122a-122n by the data communication module 206. Once received, the remote
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whi ch may include simlar conponents to the network

124, may be utilized to provide conmuni cation paths
WORE8WE8492t he control devices 214a-214n and t h&CAd{S3009/048831

comuni cation nodule 206 in the SCADA unit 202.

Typically, the network 212, which may include

di fferent networking devices (not shown), may include

one or nore |ocal area networks or server area

net wor t al include wi de area networks .
Vo 2 el R R e o R S h Bt ansit
dieddipment scttiis By Providih et KSppk SHiriatLEdn@ion sigp&lratheddfipment. The

The connectivity and use of the network 212 by the )
c 8arip@Rnigieitings £2.g1onenmeA ciering Aew Sopil daviqes. 2xgartipg or stopping

u t by. 1 1] efpin: & rd.. ] - -
CBFES AR U eSE LB 5 sl O wlopi s b
opgeatd anwl thenpipeliat | @amentst 004Hnercofthdnhexeomddr bl the respective
devices 214a-214n. These operational instructions,
WRIWAMRRYy i ncl ude equi pment settings or flow rates or

0 i ng (h:n j '

; 2@]22!( MRgefhe 151891116 Fdr98i 1007 ??gge%%%giﬁ&ﬁ HRAIry a large

anpl e, are communicated to t A application
20dlunteradipind frhm ahetfacibgnititd @aothenfambidiul @8 2O Guinps tlhea-110n are
SCADA unj t goz. The. SCADA unit 202 stgref th%a hat of
o TasaIths WEEYHIC i BRPIRINE i PEFSTUlh s SIpEcLggatsh han that o

SYRCHMBSIRE: gu%uﬁ&%%@ﬁé Spdinei s@gﬁlw@q 0@ N dWWubhlh RARK 106a-106n.
SCADA units. The SCADA application 204 anal yzes the

oféisapicevvad dififieremtind trilenss saugebes ony thet waridye dgraends iodrih¢ pipeline

instructhons jnto ui nt, .settings [ nma e ]
| REVGHE A0S B BB S R DTl o s
I gl ed] eVisGRSsiBRAhat1tBd chetni2emtakidp th pRsSedDAferential, and in

application 204 converts the operational instructions
f PBfcHlar tCOMPromTsed WreaTelfePEPN) RE loper Ated MpRlae (fiFments, may

2%1%? gé %TB%Q}# ienf Blg! i‘ Qg™ tlf %sda%’d 5&%&)1&{2 ﬁgt;c1 l‘l?elpiﬂgl%e equipment

equi pnent settings are
t caumtsifed tie dh¢ @uidping ede ael csewhdr2 Gnayl 24l andperate improperly,
122a-122n by the data communi cati on nodul e 206. Onc
- SR CTEHE WaHBIE S THGECongbiony et iy Fadle s aBvible rupture,

AGK AR RIY Qs8I CH- RN ouRE F sl R SforR Rl plop@ 8 prhtidifA® instructions
P %

equl pnent ‘setting provi ding the appropriate
c onteradl in®i iynade of tha dvatrebddviers 2 4 bY hiee wpelinsrpatator or the failure of

settings (e.q. eni ng or closing.flow.control .
dRA ERTOLP ARSI Jec S SPHETBU B SR P Fpape g change in
Obp&ShRRPIdde BRAChINgE &t MEFIuiPwaRinUAS pipBBEnd. ate DRA is
being injected into the pipeline segnents 106& are

t HR0#2¢x ecut ddhdpy an helementpelc they @ipedof preswerk [0 4uptumsr 300, the
ngﬁ}s Lilrgea:t gﬁpeggl%%r\é\qgé(atilogora i(alyoghearn%gse, agftflé frs%%lol%wlgwgf fluid are
pushed from the pipeline by the pressure differential. This pressure change causes
pressure in the fluid adjacent to the rupture to change in response to the initial
pressure change. This effect is carried through the pipeline network 100 as a pressure,
shock or sound wave 301. The pressure wave 301 travels through the fluid at a speed
relative to the sonic characteristics of the fluid or chain of batched fluids (gaseous or
liquid) along the pipeline's length, so that the time the pressure wave 301 travels is
mathematically relatable to the distance it has traveled. The operation of a pump 110

or other pipeline component may create a pressure or sound wave, which travels

through the pipeline in a similar manner. The unstable operation of the pipeline may
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volune of fluid fromone facility 102 to anot her
facility 108 the punps 110Ca-1 10n are used to raise

WOHY/158@3sure in the pipeline to pressure | ev®CI/UH3eNq/048831

greater than that of the atnosphere surrounding the
pi pel i ne segnents 104 and punp stations 106a-106n.
This pressure differential places stresses on the
vari ous elenents of the pipeline network 100 used to

contain the fluid bei transpornted. As consequence

of oD RS HPissls BuOTnt oyt SORET i ot SWERARGHETRY ot be as
C Aiphais fhdlg abdoeiapdesisis eupdirtf erential, and in

parti cul ar conprom sed areas (corrosiogé or | ower )

r 0431 pi pel MaayepleHsnpEOr #rhySYpasupane sesaibsdribpye, plasigned to
3 | t. ] .S0: i . ' ine:

245, Brk BT ROEALOA SRy LOSPLRELR on o 4 prsans
ekx&e&\ﬁheﬂﬁirlmﬁllyﬁiai IThesc gpehatdpendonpdalayicinghilghitioano determine
create unstabl e operating conditions that y lead to )
alfpluid; ip | leaving ther RIPClmgr 38y Hsrsteret LecaBp tggeﬁeamns ri% there is a

CoHiher €Yl hayf %eggg'gfgga@c{eﬁ&h&e r%:éfﬂg SRS LERGL @RS a sufficient

entered 1 nto by e contro I ces 214 by the
pivplahiene fiyde mas deft dre pipe traughuthe roptutchecfopedettaion tod the rupture
adj ust the pnecessary operational instructions.in .

" EhORSE 1t oS CRENGRUIF A oY FRG! BB faRegs inp the area
t B&rdndidd Wetdibiird RS iffcR@tibINBrcaduP@At PoBhs ale @bRRIMplace and
of the pipeline network 100 ruptures 300, the pressure

arclatinely Inthangie wide saspent to Apiuhlc shsepesds and thhensying segmental
lecul es.of fluid are pushed. f.romthe pipel.ine .
oPRCEtiv s et difr o i CRR b AR Br Rl T B Wrvorts

PITAS $Ytenb Fhat A6 sthidi dtoadjcavenss deSeritee aboad bifil® itdlate ruptures and
change in response to the initial ?ressure change. .
ThpeotBerdsstabilizinggvents that Hrpasy Hherstblpenseationsf teg Mpplkne network.

1 a pr C . . . .
R
r ehatncvi0l and heussaltuve nadrarragtl emid sdffectvohictidrg af teal-dmoroptimizer

chain aof batched {luids (gaseous qr ljquid).ala he .
piRED) 7a0 ds pafigadnfor apalyFing ptERscigs afl@%arﬁ%éééeumt 202.
S’_qlﬁst ity les tl%e:lo : tﬁ%@th&ﬁ#hﬂné &RbAL] B h3edilne to respond more

I stance It ~travel ed. e operation of a punp 110
ocffotthety pidesthbiheingenpunent may create a pressure or

S wave, [ vel s t.hrough the pipeline in a

ST B 1T iy T B S, R Y risk® i e prperams.
MY RInSS LFfAtEp/KRERS MT/Er &ImRAadBYLindlrldtions te interact with
pi peline. Such a wave may not be as high as those

adlwoBCADSd unit 2A2.corrsppeificdly theHF) DAy lieftionhi4mnidotatabase 208.
a .S0 escri bed above. desi %ﬁﬁ t
bR AR G BERFIER TR By PR o O G danenee
dgthesiighahc ®T@ 200 esdditihahVditstioNallthehdy B lorsdesl. toTheperator to
systens depend on a balancing algorithmto determ ne
provide reports and other notifications (whether visual or audible) of suspected
pipeline destabilizing events including ruptures 300 through the detection and analysis
of pressure waves 301. These notifications will allow the operator to respond to high
level destabilizing events and lower level events that, if left ignored, could ultimately
result in a high level destabilizing event including a rupture.
[0046] To obtain information regarding pressure waves for analysis, the RTO

210 requires the collection of additional information, which may be collected and

processed by remote devices 120, 121, and 122a-122n. Unlike prior art systems with
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if fluid is leaving the pipeline at an un-netered

| ocation to determne if there is a rupture. As nay be
WOZBMY158403t ed, these prior art systens require PCRAIS2¢)9/048831

sufficient volune of fluid has left the pipe through

the rupture before detection of the rupture can occur.

This can result in a significant environnental inpact

in the area surrounding the rupture as inferentia

ur enen tens c ace el at i
RGP E oS Bt GRATRY B PP Ep NS ivggseus a
€ fHeWHiPigksb RETB& haltc dIBE EHEPHreSatOfEnshii@ddr s%@sl,drmvu UPhidrs@enificantly
events in closqugressurlzed hydraul i c networks. The

s yastugers thhdikeliboaskpdea aRiebrird ovaiay B8N yRdatEsE. abdbe electrical
opé seﬁt?‘h&% %frtHQ 5s? real% alg?& bgttjﬂg rgs%ﬁrte ?éns{;]rg' M%a-112n to the

per ron o

greﬁﬁdtb revioed m k121[ ﬁQl4¥q2am2pr1§)Wpﬂ@ﬂlly&ﬁdSasmedlaﬂtilpmcessed by the
etection of a destabjljzing eve i ncl udi ng rupt ur

30amote daviceu &2l [P dniido 2 ar g it aﬂaglérrt%e pRE&d Zéqr.eéﬁmp every

r g@'mflh@éo&ﬂ} | g ecﬁaf(r*gr@ngzﬁgstir% Pﬁb lih&e Q1R preV1ous values are

anal yzi ng operational settings in a SCADA unit
20_@1ca11m disnttdnoelsvilies apdrasingtedoto tﬁlhe:optrplebem@r 126 much less

twork 100 in real-tinme to respqnd no fectively.
BB T SRR EEY don PGS i R ol Ry igation of the
&H%@E&glngstooﬂﬁg REscAP IR @S WAK ScRRIhRBication of the remote
routlnes t war e £fckages and/ or conput er readabl e

| ds‘tlmctz(briéllx et 1230 B¥2acto perfonmt sﬁ@tlssc:aimlqwﬁuonéz@z th@rpressure

Cl f | aﬁ%%‘?Oa ﬁa arfia({%ela'u%%trﬁaf \A eencell %lﬁég.tnd ¢t %{t—g gqbtrgssure values

C @Gmt&ird@fn?@rﬁempaﬁo&l ahguagfor eXihpleghs §d¢6n&§}' OI24&ordance with
addi ti onal unctlonallt may be grovrded to_the
ofer Brcent tivvapEiean. e caloybiteds Stapdprddrertionis of ageiligagnature. For

des%t] grind 'sﬁaﬂﬁlérd% ﬁﬂgﬁ % &ldcu?efteéﬁﬁt % ?Le%ﬂg‘ggaﬁhé &glgeﬁted between

i zing events I'n r
t hiened &t exidi ﬁn ahd mrakysdad thevp:[leﬁ ssircelcuaveesuByd pressure values
These notifications_.wll allow the o

d .
¢ GOVRCIN PRVER HESE SbATS 36.nd NEVISHE SUBEY UGWEHOT v Eculatcd using
?é?égglﬁrle ;J%ﬂfes doileét@ci tbeivx%%ﬁ rtffes BOMMA 1! tAlﬂ@ﬁt%%é{ueﬁl?%E{ntatlons are

evel destabilizing event including a
r apituleted hoDs6tollig olna¢m Byf amrasti te pegaadisysfems review their

TR R L R R G N L SR
C s t&GevANitsRb PCRSSSAnRYh4t QIR B &ﬁ\/pe‘ﬁl@ﬂ ahd @nd 12 dnother period
and 122a-122n. Unli ke prior art systens

wiceh bﬁ @deltlecrmdn elhestahplg wécw!ntlomr idic isrndpidadayiatiphdn accordance
pgvrq% tl}e %re%%/nt h\?@sn u{leaVOIaé Rgé’lu gé t'ﬂle feggnil VéIIQIO% IS not

e sSSur e r sens
ThitsndeidgoilinhienG| thie L&doICHS eﬂhbﬁlchlllﬂ( ebmp@od s@hdard deviation; rather,

prrnelrsnsellrjoru(se eﬁ\{r?caﬂg Ibggeduc{]e(tje%n?r?atn%gs (V-vrktll(ceh ﬁleerfott Eblage%il on force fit models)
including but not limited to derivative function (1%, 2™ and 3" derivatives), integral
functions are well within the scope of the present invention.
[0047] An operational setting is established, such that the field devices 120,
121, and 122a-122n have available for their analysis a number representing a
multiplier to be applied to the calculated standard deviation. Should the pressure

sensors 112a-112n then report a pressure which exceeds the standard deviation

calculated with the multiplier applied, the remote device 120, 121, and 122a-122n will
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representation of the pressure reported by the

pressure sensors 112a-1 12n to the renote devices 120,
WORORI/158¢9Q 122a- 122n is typical |y nmeasured andPETE53YQQ#8831

by the renote devices 120, 121, and 122a-122n at a

high rate of speed (for exanple, every 50

mlliseconds). This differs fromexisting pipelines,

wher e previous values are typically discarded and

val yes tted to the tr cente
B B el RO O ek aaly i PR had Al g e witin
Eﬁiéhﬁe sydi@nd [midaa@ Atk Gtankibel GsdtRm et fog tHeopipelines
e present invention nmay require nodification of the

r bpbtad raedss cefsoncrgion) while s destatphizing mycpts syeh fagrleps of pipeline
S'ixﬁécé f[% éﬁlﬂurg)axlvﬁgé {éccaép%urg %éllgt:%lf?grgrﬁssyarnb BN 1]0n cha(ljracter than

Spe I on may calc
f e ﬂahﬁlypcsfa&&ﬂfaemb tsemda:fdl deetitied cturatecs. aSmhmrlty the start-up or
period of time (for exa 15 seconds)

asiBfersh eéawmﬁ ¥HE el rﬂperém?e ﬂbf‘nplpf:lil@ Wi} igrugepuniquely
Sﬁﬂﬁgf}{tdstgﬁl‘ék&ltd& tib® c@gra@tef ahbd nge @%H& eof fi%¥nal mode standard
exanpl e e stan eviation is cal cul ated using
pdeﬂsmnmthﬂcums coIIected between tinmes t | and t5.

nda d deviation is calcu

t st |
o0 e VATt R P cbula Bt b s i igforopp aressure

n@&go@t andarn g, dew dldopdnd o Hadb GHlaad@ste Hﬁéa@ﬁeﬁ%ﬁt&%ﬁrﬁe which is
val ues col |l ect'ed between tines t3 and t7

S sja@élmesmd hstévereatalldhs remate davices E0ed2 ], mngd HQ%a 1311 pme pipeline
[ I or _.art syste

t Hgtiworla 6&% ﬁlg 3 183%(:8 %1{) 1@1 Jrogfing arecciyer an ap%rﬁﬁ{rlate Fddltlonal

( GleBtronits Withid th®renidie Héw&b 120 h21,-abt 5)22a-W1ﬂ1toSalUl©hJ tdghly accurate
revi ew, destabilizing events that start in one period.

aﬁmeeqy@chrﬁn@ﬁm 1pf§1|ate§ eto brycllestep drapy diq @Wsmoméf satellites used
r %1J G alcﬁé)s(ft%rﬁwﬁ% ﬁgstg&s taH& 3&@&9{0%9 qé{%@ ﬁnof tﬂe remote device

accor nce Wi resent jnventi on &
oannQ&nmﬁinmhazanesent i nvention is not |ntended to

limted to the use of an enpirically conputed stand rd
déW49Ti on; Parried ahRiffe PERISITE NS 1|2 38 Ggused n the pipeline

d%%t%\{ nlﬁt)bi @g@l"‘@ﬂh@p niHafis %clp e dodQl ‘f)grtféft normal pipeline

includiing but not limted to derivative
f opotiions, (nchsting Rricoahonitdd tb therstartng srebstopring e@planps 110a-110n
fun@tlons are of t

OGS BTGB oAHE ST o Ao BReRrghT e Freire waves 301
eghabl | 'bg hede csdEtotfRahkdnlgtof dodbidedayh Bf §djl12t€hg the élarrﬁ Reggering

122a-122n have available for their analysis a nunb
r @pﬁ@@éd@t imecad tme tqrptten@rvmgoltb@@ptim@daemg tcm,mdered for rupture

lﬁtggtﬁognt eﬁtﬂgtn%gqu n(fjot eylth%tre %e d?év ceI 1%0t Iff 1 %?éé%ﬁﬂn for those

nre o pressure’

eéﬁ@ﬂﬁ $hdt hee sdicndarns ﬁhevsaﬁfel ﬁﬁlo@@tie\ub@tl 20l Vi1 hintihi2a-122n that
mul tiplier applied, the renote device 120, 121,  and

199tcted she DichUERBR Y- eLogie et kecadds tofheaepolssdiyice 19y 421, and
3435, 196 1%‘%{1{5.%&6 &Xgﬁ?e%é\% RUcHiEn Yot ePrain period of time following an

adjustment to an equipment setting that would result in a pressure wave.
Alternatively, the triggering thresholds for a destabilizing event can be adjusted (i.e.,
raised or lowered) in response to the normal operating events such that destabilizing
events may still be detected while accounting for the normal operating conditions.
Superior possible methods include characterizing normal pipeline operating events

under high speed trend analysis and build a comparative matrix of normal pipeline
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pi pel i ne systens produce a particul ar standard

devi ati on character for the pipelines typical nodes of
WOBY158403n whi |l e a destabilizing events such XETU53409¢8831

pipeline integrity (rupture) will produce a uniquely

different standard deviation character than the famly

of normal node standard devi ation characters.

Sinilarly, the start-up or shutdown of a punp or an

t abl erat | n of the pipeli uce a
At opih e otatard Bt ARG o, gmpiicaty
t Berefmiftd )éta@ﬁarﬂoddiﬁdtloﬂﬁlﬁﬁesﬁélaﬂ @%\ddlﬂ Vanaédi@fced discrimination of
characters. [0048] In order to correlate pressure

wassabiBgng saems dromi rfoméuale RtPCHRR PGTRENS evefp sand1nqysey  This will
1
Oﬁﬂjtvl;lde an V\ﬁlfégﬁpg fdof By %Iﬁl?:tgé‘%e@&&wna&feﬁlﬁﬁ Eef@&t alarrns) by

IS sync TG et ween
dehd syet8m]20, 121, and 122a- 122n on the plpellne

network 100. This is acconplished b provi di
r 600 er ané\sawrﬂ@a?d AR CaPTRG RRER %@%@Hﬂ&ﬁgs Pipelipg petwork,
t Q%l(fl%@é&%ul%eyé\%g a  thai e LA rﬂf%?ﬂ)lé 1% éa%és%\%hzmg event,

y ‘accurate tine sync roni zi ng updates to
c bhﬂ saiotitbldss amedtdh @raspan sactisisy oimg wiilds gerelrdte taesalame dignal. The

}c géﬂtglsﬁ%%{er &ggltaﬁlg rP@H%t @/ o el’@ga@gbp{%éa%e%ﬁﬁ)r in pressure waves

| 3dab ke o nbRRAPipAmcnt@atiAD OV BescPi BRI USA MRURSowRR with the
may be caused in the pipeline network 100 through

onh@ssame afjystaientte the @ aa:mrtsgﬂ%‘mdhmhqld@fo is@ngrethc number of false
i ne operations nc udi n ut  not ted
CefiFit REnREO GRS Rkl BAEEGDr D in o
Eﬁi@h Ny a6WpipLiasd Blgerﬁ)tflonv aMzﬁ@ oft thebes alafa atcafilsel Rattich result in
e pressure waves 301 caused by t hese events to be
tQR@ﬁtOifﬁw?Téthd‘ﬁ%qr@lér(Ht 1eanring lowjlens iafgme neThip aomonly reduces the

th hl%g S Gmb %eo}%gst&ss af mirestsingee Bh %&D\sw@%tdeie%g@es the

ose ei ng con ere rupt etectron
bepclatoe tat rdspend esoibe di@‘el ca@rﬂnEO "IllEldlsemﬁhtlﬂQZ(ﬁ j)&'zsure waves
for those events t hat are initiated by the sane reno
dé%ﬁoe@teﬂzcylt 1500w I PQI11e, ORSBHORSH JHICTE ACSERIRRIC t actions, and. the

gﬁ%ﬁr{e‘ﬁt He tng%&h%zzn hg’l@s ﬁ%ﬁj&g ch? bt RErEBY Roddd GF at least

121, "an to disable pressure wave
déﬂ‘écztﬂdamofeqrre&r@éy bwahlepstr&()ﬁ/d dhistriepresdntd & signifipasireduction in

ust ment t ui nt s th I | t .
" i Earabion,cd tSduate IS8 irbi v igine APty §Eh rore time to
t Iaésgeﬁtp ksl actQr al@nﬁiﬁﬁﬁ@ﬁlsblrésﬂ&dQMQBl%v ko8l Hermadindsdagfly unstable
rai sed or lowered) in response to the nornal

opmr'aiwrn@e@verﬁln@, ursiattic (paratige Jeads thi highey levelralarmmgnd potential
tecﬁed whi | e accounting for the norma

oeraes RN ERREI one.

[0051] In order to provide the information regarding the detection of pressure
waves to the RTO 210, the remote devices 120, 121, and 122a-122n interact with
Data Communication Module 206, the SCADA Application 204 and into the database
208. From there the RTO 210 retrieves the data as needed by its algorithms.

[0052] Once a pressure wave report has been received, the RTO 210 waits a
predetermined period of time for the particular instance of the pipeline network 100
for other pressure wave reports to be made available. The pressure wave from a
destabilizing event may cause more than one pressure wave report, and having two or

more reports is necessary to determine the location of the destabilizing event(s). The
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Superior possible nmethods include characteri zing
normal pi peline operating events under high speed

WOr2pNi8eRal ysi s and build a conparative matri RCEfUS2009/048831

normal pi pelineaction characters and by revi ew ng

t hese hydraulic signatures with enpirically determ ned
standard devi ati on threshol ds providing an enhanced

di scrim nation of destabilizing events from nornal

pi.pel i ne erat.i events apd noise, This.-w.ll proyi
HREHeBEe A0S R e BF AR ug g MBS abl S MoipingfhOl e spece
abpgdimad (1 tR.fluid 8drB&inéd Arth® pipehind.he system [0050] As

nmenti oned above, during normal operation of the )

plMB] ne nePrasbuee Waxes earschpraeuRE apgiAtion Hf Pingdine cagippent are
that a thatiri le t ilJ,zing. e «
o CSoiiaeal BEahe FEH I sl HEERAY, b oL lidred “Usua
080gcatse, aletidr dy e sib @ingl the Uheal Sospdcal hydkailerchh2teafish normalcy
renpte devices 120, 121, 122 can factor in r?ssur

Ay BY RN IHIUY dReskBIgRaRal Pieieg Fﬁép%‘ﬁ%tr%?PPghmthgigz- To do

WAMEShé 3216 nSEAURL GOt lhstihg ﬁh@ AR H, ngogzltaﬂgﬁ]atl pipeline

to the alarmtriggering thres ds to reduce't
nacbeticsothaf alise apassge gerves a0 &dind Guoree mtitham that dabileaghe time it

syst enerate tho nds of alarnms. in a given.d of

ol T B BBV it By bl SO st PAfILGY the pressure
Wod s Brs 1881 2tnbnaARE hRERESN@ivBAET00C BRIR T 200 nl@N@m e cach of
| ow I evel alarns. This not only reduces the anount of

t ithee prensuwop evavee 304 pendgcd dur s spraspuesa sénsatsat Fga-bign with recent
al so .desepsi t.i zes the operatofr to respond to | owl.evel
PSRE SRS bR IR IRE P b TE0RE B AR EARbn cvenm
Widbtac thoroMh i€ bi ReeipPRIdRkico fisat tHIYyRIrlgirde@ieiirl spipeline activity.
reactions, and the adjustnent of the tri%aering

t Rpesifielcaample dtthe oaprapen of fthe i hfe13) Ortaddedty ppdagpdate Usual
! %ﬁg‘ﬂecgo%% qngstﬁ%de ?sp @?equB ac%gg @ﬁe@t‘UhgﬁgtUs%ny‘Sus L and “Is a
represents a significant reduction inh the generation
ofUshyid$spédtt ad Aplpaidis A .Wihe pripr anti sgetsmk empper tht sensed wave to

with nore tipge to respond to actual alar and. al s

r 8€puhigal Brafties- | Brst SuilaponRYTTe E%Veﬁ@nﬁég@%g@ﬂes Because cach

O@&E%Aﬁl@av@%ﬂﬁﬁ?ﬁ%@ﬁ}éﬂ SA@RIch RRPIak hRY ofBERdchAficd. Unlike the
i gher I al ar and t he

h | eve potential damage to

pippet ameystroQ51d picsent identiow copmparedpressuee waf @rtoaioimoal operating

regar.di ng the detection of pressu wav ot RTO
2 SO oy g DR e E3t ol PR GRS Jgepppffes A3 such, the
| BtREAChvMtioR daatofeorpatntdaidbept M@M&mﬁpﬁ%erﬁﬂﬂ@g SEMon with
Application 204 and into the database 208. Fromthere

t lgecaRT@QIEYr et ri eves the data as needed by its

gi@ﬁhi} tegg:sv ’9110 524@5%}%&&% 8?‘[{/\%}313?6;'55%6%\(7 s BOPRLT o&aﬁred during the
period it would take such a wave to transit the pipeline, the RTO 210 must attempt to
identify a bracketing pair of wave detections. That is, two wave detections from
different pump stations 106a-106n, one on either side of the rupture 300. The rupture
will be located between these two stations. This may be done by arranging the
detections in chronological order, and then selecting the first two from unique stations
106a-106n while accounting for any sonic wavespeed character differences of fluids
either side of the event on batched networks. The determination of whether this pair

of detections is bracketing may then be determined using the following equation:

If( th—t; )<ty
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predeterm ned period of time for the particul ar

i nstance of the pipeline network 100 for other
WORPREISHt02 wave reports to be made avail abl e. PRE/US2009/048831

pressure wave froma destabilizing event may cause

nore than one pressure wave report, and having two or

nore reports i s necessary to determ ne the | ocation of

the destabilizing event(s). Thetinme period to wait is

det er m ned dj,vi di n th of the pipeline by

the speed o&xgrbh’ﬁé)a}rﬁg%h‘eacﬁtm ®ontained in the

pi peline. [Q0R3 Priessiuicofmay ssobd@dseetiday nor nal

operation of pipeline equipnent are to be ignored by

the RTO 210. These lprdBaae hwﬁwééetﬁﬁt@%éﬁ%u der ed

Usual Suspects”, Vwelﬁfﬁr ¥é B-RY fl‘gt% thjec’yt%{lon of the second
Suspect s’ hydraul i c*lchar ac er normal cy or by

rmrrent ari I y masKki ngidtmnﬁﬂltoplnqomtldmeofehwﬁmnéﬂéctﬁmti ons
o0 do. this, the RTO 210 %é tains_a table

| h5e 1ﬁ=g‘f Firdiroe i G R e gregisaeneh srabe yrpetdlne travel from one
;ﬁam § ?%3 % litiat (FRUHE:, I BE SHERaKBY 6P 68 t1ra W@ WD0ThEM B8 between

table tine It take a pressure
\/\/ﬂwestaﬁ)dnscasmmd hye thratn peiri nat tp,roxteotor ba@hbredwhng)fpatrh ¢hen cach

O PRFGBLB PSRBT TR D T BE e paic

1301 repe ﬁ&&l@lﬁbyndmef @fb%%ké'tﬁ@g 5ANSPfwtvd HeReHonkZovides a
wth recent activity on the pipeline, renoving them

f methaslon siuetstemmthmlof:@tnorti@@he biigindthowaes/ 2 (od suspeetpd pupture).
ti.ne.of ece| i C esth ev.or.i gj nat ed
dﬁ'lhe E@lownﬁ% gogn ula mg Ber‘ mﬁéye%%o ma c{elge 1nat1og

et c exa es of the
oper at idpa 0of = { bg 1RO 518 wisq |dent|fy and update Usual
Suspects are Illustrated as pseudo code under "Upda

usidigre duspedisgncaniiom pugPUStAion SH8reERen whosp p%ﬁ%‘i‘@( detection
A. The pri o S h R

stored | eak® pr I_'%e“ldl é@bﬁ[ﬁe@e Esasgﬁeottn%%ﬁ%mg@grwg fif%t detection
limted capabctdrtetil es because each | eak may have a

uni que profile. éP each | eak may not be

i denti fied. tl@l“?qul@%m(“ﬁ Fit art systens, the present

I nvent i 0Ny GOFPAREdctRERRSUr € Waves to normal operating
conditions or normal operating events not

pr edet €ir ndnktdnealﬁroprlmimlb estlomwh@mshqondrdetqgn@s e¢rurred and pump
i nvention ca det ect, an abnor nmal

oper ati ng cSﬁHP?l 1rl“h é 8§P8F CUtdyr acy. [0054]

Havi ng“%Sssemkze@}%@dl(sp%tadeh&mase%mmves 301 that
occurred durin eriod it would take such a wave

t ({>0Q5t6<’an3| t ﬂlhe dpﬁepfecm Pled prtemrq?woezi(d aisiue & epargtonabactivity by

: WO tstNans Whid gﬁrggltop graggetlng ngiaa ger gsﬁ%ietg tcfepe?l%%ne tﬂg rlgm of the
1@6@5&@%% 3¢, weikct, Hestilspdeidet ntdﬂ@ ldcumwhﬁor&%mnﬂlit&l a single

rupture
p?essure wave detection. In this case, the RTO 210 can determine which side of a

station 106a-106n the pressure wave 301 originated, by comparing the two times the
pressure wave 301 was received. This can be accomplished in the following manner.
If the pressure wave 301 is detected by a sensor located on a first side of the station
106 before it is detected on a corresponding sensor on an adjacent second side of the
station 106, then the origin of the pressure wave is on the first side of the station 106.
If the pressure wave 301 is detected by a sensor located on the second side of the

station 106 before it is detected on the corresponding sensor on the first side of the
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will be |ocated between these two stations. This may
be done by arranging the detections in chronol ogi ca

WORPHErs8603nd t hen sel ecting the first two fromPGR{EGE9/048831

stations 106a-106n while accounting for any sonic

wavespeed character differences of fluids either side
of the event on batched networks. The determ nation of
whet her this pair of detections is bracketing may then

be det i.ned . using t follow ng equation; |f(. 1 :
oSpA5t SRR D ALY, BRERB 48 e i
t206 time of the second detectiont i = tine of the

first detection; and t2i =time for a wave to travel
f 17t he st db FTQR1P isosprevies dealedt poihg Berdaf the pressures to

S L1on. .of | i : 1S ALt '
SR R 00 SBLESHA R TS rkIp G ors
t dastediliZing ovan deakt Adnowitl BitanitBbrvém signetvod Heectionhiemo compare

the origination of the wave 300 nust. be between the
s thersteseof thn oy %ctﬁﬁ%n%lﬁééleﬁalwmsuﬁ%tfmm B/are e peesgure wave 301

brAGKEE ﬂﬂve%itﬁe shiienogackedrlsthAnak PR prtlisle R8ve 301. The
d dentify & b

examined In turn to attenpt to identify a bracketing
paliope of G@5E}ssTveisicdentatdd yathiedil @218 byrsharket & ngmperi of values of

of wave defections provjdes a nethod t.o.determ ng the .
GRS o e Bl A, R VRS BT S SHEAB: o slope is
F oL WeRtminkR Syt foPwiving dpaati-a may be enployed to

make this detérmnation: d2 = 0.5 * [ d12 + (t2 - ti)

* ws ] Slipere(latest pdessurgricduct r olegiumpsseicaralusy / {0Been] o — oldest
wher e ge%gnd detection occurred towards punp station

106a- 108 where first detection occurred. t2 = time of

S §B0 R pe ptieElol thd pesturstal® 30F isfdoffphrcdal i@t the @fopdiaBethe pressure
di stance from ungrstation where second detection

odvaye BBY Hribie p{s)m@ ay decresscdibie p eakucrsgatefehat thipbef a pre-configured

SR, LB ARSI ABSEEE SRS Ll v
oped athisoriafor@etion i doyrobyrateso tiet pobabititymufch arpgumoB00 or other
(e BS34 6Tl S GORIHRBHRAH P! SEISSE PIDTGKDE Hed i douch o
| oGaLF Ok O f ARG deRRS, bP B nBinglidte! tRercof).
[0058] The RTO 210, if metering is available, may also provide analysis on
the trend of the net flow of fluid through the pipeline network 100 to corroborate the
results of the pressure wave detection. The trend is determined by obtaining the
measured flow rates from the meters 108a-108n at all entries and exits to the pipeline
network 100 and summing them (in flow positive, out flow negative). A specific
example of the operation performed by the RTO 210 is illustrated as pseudo code as
“store line flow data” under “RTO Event Detection” in Appendix A. The results of
this summation are then compared for before the pressure wave 301 and after the
pressure wave 301. If the summation has increased by a value greater than that of a
pre-configured parameter, the trend of the net flow has changed as a result of the
pressure wave 301, and this information corroborates the possibility of a rupture 300
or other destabilizing event,
[0059] If the SCADA Application 204 is providing a line balance function,

which is a traditional method of leak detection, done by comparing volume entering
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pressure wave detection. In this case, the RTO 210 can

determ ne which side of a station 106a-106n the
WORPRES8t02 wave 301 origi nated, by conparing t RET{US3009/048831

times the pressure wave 301 was received. This can be

acconplished in the followi ng manner. |If the pressure

wave 301 is detected by a sensor |located on a first

side of the station 106 before it is detected on a

cor ondi n NSOr., on ent secon s i de..o

< o] FRRPHOT NRER A e TRk BRI E GGUR nklVrkc 100
Othehh@ie fRT(stz 191 @@ grfdrmey&tabien c&ﬁﬁborhﬁort hey pye&s U@ balance
wave 301 is detected bé)a sensor | ocated on the second

siunstion wiHemgkapvalbko® Herf BIE 210 jtyopgh s defabnict30s. a value,
igng(g\%? E% ﬁl%llﬁlg b%.ﬁlﬂ§é) alv&%e{l%z r%'rés%ﬁtl | fle cﬁéngte he %ﬁeai bg[bnce of the

€ orirgin ressure wave 1s on
s tigebslasiedrldfatioh@veit @thiopipetidd of fiBR5FpickHe al?é’x@rﬁﬂl@tes The RTO
also provi des analysis on the trend of the pressures

t 1€ Brvatssraankysis fi@é@p@so f She {% Hrecesiverepagdo corroborate the

deLGhe 'OP %@su?@%@ﬁ dte%cﬁ&{ r gfye rt?én@ iQ deshalh! b2 b&t8paring the

event |ea ong Wt initial event signature
dslope (oranhersnathemathahoestam1csll @pepaoifort) e thabjiebdlance divergence

se ment ' s. nodal ssures from ore the pres

nETE e TR PR O gHestr DRE Shhov b SBPEet hEdine balance
f ﬁ%gﬁlé@{)v&Qﬁn@fr@ﬁsd%ﬁth‘é’%f@ss%:lwavyﬁ)15|”IQ]I%%1®E dffi€ line balance
pressure is calcul ated by the RTO 210 by storing a

ndivisegenod isvedladased by tthe R{Tlcbgé@ bg startn phenbetepfnyaless of the line
aﬁdlﬁn%g{i]lgg feﬁceed%g yr?(ﬁ erlinbn[ t{nrl] ! ?Jté’r%gls Jrlﬁr §+ gxen{p?ary method,

g équation:

( bt @se iPFRE HefcEmitRl BS the f(’)'lldﬁ/%{g ®juessyr e val ue) /
(current tinme - oldest tine) The slope prlor to th
pr ess ubPgavdatgd 1ine dlopodipaizerconaiyr + pldest| lpgdloxy fhéff:rg@w‘ee value)

pressur dﬁ%ﬁmﬁg %%g“&%f sl ope has decreased by a

val ue g eater a pre-conf gured paraneter,
t Respaceideainpflhef phie &puﬁaﬁoﬂn a$ tloh Rﬁ@ﬁl@ﬁs Alustestod tas pheudo code
the pressure ,. and thls i nf or

30
R eratdse FRY Pasip e ot n Kiptakeradodhe grgine wave
dggi ?éoeohkﬁéwwﬁw ffats oggatﬂ%ft %}?&@ﬁ%t\ﬂzaﬁr@bo@r 1thatibopd hmhcreased

approaches are usab such as rate of change, sum of
dbyteaszaluergrcambthaatuhm@f thereeohfigurfd @BBimcTéTe thT@chl@)f the line

net er.in able, may al.so_provide ana
t REE A e h S m et TG o FRUT TCF JUGRUEngate 3017 nd tis
P8l ARNNbMEBrattO Otht Op&RILIIAPOLALL fip@rd e9al t sSBeefich@ly, this
pressure wave detection. The trend is determned b

olsoapbriragprnt wal ms priedtof thewne delagcd fupgtiehdetamriging that there is a
191?[) ureoﬁ)ia aAs ltlpelg tn{depen(%?lg corrobo%at n% &ata p@tjnp %l | [Bver indicative

line balance divergence to further support rupture likelihood.

[0060] The RTO 210, by placing data into the database 208, notifies the
operator of the pipeline that a possible destabilizing event has occurred based on
pressure wave detection and other corroborating evidence. This includes the creation
of an incident report. A specific example of the operation performed by the RTO 210
is illustrated as pseudo code under “Create Incident Report” in Appendix A. The
RTO 210 may report different levels of certainty to the operator based on the level of
evidence available. An exemplary set of reporting levels is shown further in Table 1

below. Level 1 represents the highest level of certainty that a rupture 300 has
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network 100 and sunm ng them (in flow positive, out

fl ow negative). A specific exanple of the operation
WOREYY158¢%8d by the RTO 210 is illustrated as pPERGSH2013¢948831

as "store line flow data" under "RTO Event Detection”

in Appendix A The results of this sunmation are then

conpared for before the pressure wave 301 and after

the pressure wave 301. If the sunmmation has increased

by a val ue..greater than that o e-confi gure .
st R % Aot O8R aiBstlo P BleSaERL e i 240 obtains
I @ftHet cQfdchdrethBriess et ovapertcdOib, thafipdlitk Shetwid@r 108t difator may
corroborates the possibility of a rupture 300 or other
dekangsi | i zi ng event. [0059] If the SCADA Application

204 is providing a |line balance function, which is a
traditional nethod of |eak detection, done by

conparing vol une enterin
network 100 with the volj
100 then the RTO 210 ca
corroboration. A typical}

T uug

hesvkli ne Lbadl ancesvdi 4/ €r gente, | Level 2
p—thelinbalance of H+he line
BevelO[ Lep@hij0devef4 11 Mevel 4 Level 2
The RTO 210 lprovides analysis

: g HALEP A
DakaNE ecflil Yer 08RLL |t Qevel 4 Level 2
of thel pressuy
diedver4r) meeki By corpAni nevd he| Level 2

cal__or statilstical

bakance 1l erIenee2 OVekvd b M evel 1

vave RB01 witlh the gl ope of

NC&eOY BLcldl 78 L6RM &f 18¥c15he Level 1

ope of the lline ballance

]pé(/elt ]E elLBJ-e@l 2196\}%}/ 1 $t QHeﬁ]g q Level

ance |di vergence for
: V@égél‘ 1 Uﬁg%’l t hEGV% £ IL 1 Level 1
i J@ baangehan determ ned by thelfoll ow mg
equation: Slope (latest line flow divergence val ue -

ol dest line flow divergence %Lu§) / (current tine -

ol dest tinme) A specific exaﬁ%ﬁ ® of this operation of

the RTO 210 is illustrated as pseudo code under "GCet

Line Flow Data” in Appendix A. The slope prior to the
pl@¥sdlr e wavidB@1is hs cxompaydtbwiehdit dapectimgdheussfafdhe RAE 210 in

l.f, th ' d b .
PS5 R 2000 b SES ) T SRS, BB scADA i

t he2 thgndtivic thheRTONBIOR avaRodiheedGRbiEitasvabargedon for the
as a result of the pressure wave 301, and this
pipeline network 100, as described below.

3t

[0062] The operation of the system in accordance with the present invention
will now be described in connection with Fig. 4. The operation is initiated at step
402. A timer is then started in Step 404 to allow for later re-execution of the logic at
short time intervals. The data collected, stored in database 208 and used for line flow
trend analysis is updated at Step 406 to provide corroborating evidence for any
possible destabilizing event detections. The data produced by the line balance
functionality of the SCADA Application 204 is then collected and analyzed in Step

408 for possible future use in corroborating destabilizing event detections. The

_08 -



i nformati on corroborates the possibility of a rupture
300. Beneficially, this corroboration will occur prior

WO280%158602i ne bal ance function deternm ni ng t hafCTAS29{048831

a rupture 300. As nultiple independent corroborating
data permits a lower indicative |ine balance

di vergence to further support rupture |ikelihood.

[ 0060] The RTO 210 by placing data into the database

208, notifies t tor ,of ,the t hat

B PuteiuE? at TSR EH Hebhalt stk o BRpe Rl e within the
PRETS DI RavBMR SRl Q@It fu@ﬁre abél iro¢dietbotding AleowBilizing cvent detections.
evidence. This includes the creation of an_ incident

r émrrteww@p@@d ISR AYAYE SCRSR st Ceted inobiepdi 7 agsiay changes

f BRRER A AT BRI GRR e o o

presilﬁ‘@ avdvedichbre rvent cdusatebg opbraciendladicnivity.t df tthe wave report was
operat or based on the | evel of eV|d ce avail abl e.
eKetpl By Preiationsy aptey 1 thErmexpd fom cdibAPIEEEHERVG00 to be

nghﬁa%4 ﬁpﬁtifﬂﬁl 1 represents the highest |evel of

certainty that a rupture 300 hasoccurred, while Level
40088t esent $n Stdpodlel a Ideteehinefiort ex madmmmethAs ot het ®REARTO 210 is

AU B Do oS TR0t e R R wi
ﬁm%% Iy Et&vedrehsrt2TheXaMHgaie fd 9p ahaktrde Rost hB%imer st in

e use’of the O 210 in the pipeline network 100
wStenv 40He TeapAodiivishone2 Tharwaitieg Bimenn Sfeptiié isEAEAupen the wave

he RT
d &?egg%{rﬁl{ ; h‘l&Z S}&(/atltu%eg tdInFO 21| S ra]lserdmpnoltnts?owesp §P551ble wav\em]?ei(ed If a

19fss1as v&dt@% & ddveded) ehedWhe ARG ik &0 pebadcdaipo fihd M@ it would
systemin accordance with the present invention wll

néak«e Be rerstierangBigr presesn are iloncprassyre gvavg hagige slowest possible
st a&?tsgé)er& %tth@ hé%ﬁ]ﬁ ?9&&{ 3}6\,@ QmQQFe Rﬁ“d QWES {Vﬁltltng%r a%somated

for later re-execut
t epoktoghen dic c@bmtlbn foff the dysteerpratceds Thstepdti & tiaht dettmaipation is
stored in database 208 and used for line flowtr

aﬁ%%}g’? d1¢-gNQy ﬁg%{c@&pdapre%re@@gs 2 Eﬁc@\yp@ then the ope(ljratlon of the
C QAR et Ao SYLFRAC &l s BVLRAPH RfieiARBLARIG 21 NG

event detections. The data produced by the |ine
b@)ﬂsﬁzﬂ:e f undt Stpatliot theafountee aSCABKI Al vedingdor 20dciatsd reports

N L TN TR O .

%&ﬁ@d h&NpirdeRURE RALInRRESY heSe:Pied hed hh @%@éﬁafeﬂ%%ssure wave
e database 208 in Step 410, stored within the RTO

21@0atnld r@m:atesiz%@n fafroffth theeived Brassire oave ERNOAS ivril} be processed in
psg é)SU 0y Waev r%\léee\gvr tggr; t%C}e I%aaalﬁnt CHng getg%ﬁon? cel V? ggle detection,
agad ﬁt%hlbf‘dlﬁﬁlgﬁﬁed location and alarm level. In Step 422, a deterrnmatlon is made
as to whether or not the analysis performed in Step 420 found a possible rupture. If a
possible destabilizing event was found, the operation proceeds to Step 424 where an
incident report is created, as shown in Fig. 5 and the corroborating factors examined
to determine if corroboration has occurred. A notice and/or an automatic soft pipeline
spooldown, or corrective measure algorithm is executed along with the incident report
such that the operator of the system can take appropriate measures to isolate the leak

and limit spills from the pipeline. The operation of the system then proceeds to Step

430 where the system waits until the timer activated in Step 404 expires. The
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in nmeasured paraneters in the pipeline network 100 to
determ ne whet her or not the pressure wave report was

WOREWESE0By operational activity. |If the wave PERBISEOURA48831

caused by operational activity, it is renoved fromthe
list of pressure waves 300 to be anal yzed by the RTO
210. [0063] In Step 414 a determ nation is nade

whet her or not the RTO 210 is waiting to receive

addi ti.onal pressure Y% etecti,on repor.ts _assagci at ed .
b i Mol SHETY ' U S0 SR M P RBR ARG | RV gossivte
SteRattlAngicléRris idandimed el iHEspEion pro&écdp td@dep I where the
period is shorter. The waiting tine in Steg 414 is

bawerIn yyséh untilethdier spideded Bngem204reeingai T grerpiien then returns

o R R bR RERAMELE (e v ting 11 m wil
beodsased up®etirhiag ttd Mecp 8 14yafllitdis tdakeemined rieaethy ® TO 210 was not
anot her pressure wave if such pressure wave had the

s Mot fopawseriBicd ripAFE: gfﬁ@éﬁe. OPgFa RO L0E éVﬁFﬁ‘}erP‘E:?ﬁH% o Step 426

Y &8 dABchih O RER %%quér@\{vﬁgé §de8Gioh Has @éélgrgbé}{f&g T80 PrdsSure wave

then the operati o} system proceeds to Step 416.
| fletebtendst meavedhtthoopestiore @étthe eystém erocends &s Stpi 4tlewhere the

ressure.reports. are received) then t oper ation of .
P RETGY S5 bt Daths Setdh Sran e < e SRR St yEduGbsaged wih
gtRalBMmedst B kinkRe P Wiep[ RO A al SRRl Ravd B&eGRIMNE @Eceived in
associ ated with waiting for associated reports is

dStapetddnthechpemition of thmsystent Brocersls textenida8 aviione Sedpitighagtion of
tg determne df. the Ltin eriod has expire L e .
oS FRERTRIE g il Eug i e SRl S e SRy s gl v or

Wa¥BclaREPréssin® wHeicwetons, Benthalshviag of R predeicvish corroboration
pressure wave reports will be processed in Step 420 to
detlapnfoiduproenidysis prepes. athe oncariiontqfiibe st thangocess to Step

a 8¢ t i - L ' [.at.ed | ocation
3P BR GG i BBl LRGRRPRIRL T OP (de
a$0066] whet heys discuset dbbec anednpsetonpeith Srapedl4i, an St@gent report is
420 founﬁ a possible rupture.. If a possible

dE%REHi WIS APIEvErR Witks TR dndichiss de PeturReH b dBetrsnt:  The

Enc%&?reﬂ)%f’t M@%@&nké@:\iig & iéga o?o'apﬁster iRerfdc@ad §ispBS unit for the

t
shown in"Fig. '5 and the cor rating factors exan ned
t opctetoer Ainrearditfle ooificabion ataycisonzsproeicad.r e glphwri wser interface

and/ qr an.automatic soft pipeline : L
ot dte Wi R dSa RS e icPafifors B BE S aPA i logy which includes
t Beaphtal deMxti@RAEL SHPOrttdiadnyt HBeOP@EfBIOHat®f AR@xample of the
system can take appropriate neasures to isolate the

| @edphimabiuger mterfaspiiy lllysttateintIHE. i pel i ne. The operati on
of, 6l;ﬁqsyste t hen pr.oceeds to? 43 mi{ -tﬁe
YRR, 2t S ThhetrPerHBW AT Air 2o SBddP o IEbEidkhgpont that may
expipr@sntcdheQpesREdteN Abean Rt dppieidi@l, Qdepioddldopahaional settings
the process is repeated. |If nQ possible
and data may be presented in other embodiments.
[0068] The screen view in FIG. 5 is divided into various windows or sections.
For instance, section 500 reports the date and time at which the first pressure wave
detection occurred. Section 502 reports the current alarm level assigned to the
pressure wave detection using the customizable alarm level matrix presented in Table
1, above. Because the alarm level assigned to the analysis of a possible destabilizing

event detection may change over time, as more corroboration evaluation is completed,

the date and time at which each level of alarm was reached is displayed in section
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destabilizing event is identified, then the operation
proceeds to Step 430 where the systemwaits until the

WOP9S8eRt i vated in Step 404 expires. The opeP&iliUHR009/048831

then returns to Step 404 where the process is
repeated. [0065] Returning to Step 414, if it is
determ ned that the RTO 210 was not waiting for
associ ated reports, then the operation of the system

preceeds tqQ .Step,426,to0 determ ne i.f. a new pressure . .
g SR biB RS BULR ¥ G & elhel iofs MABLE R o, i s not
detsprt @i ths st@fl ved, the operation of the system

proceeds to Step 430 where the systemwaits for the o

t 10R809] set i ResiaapSAD4s tusedipitrask” arile reporpwhgther e fnvestigation
r ' ' LRl 404, |

L FREANE I bl 8 b iplt 08 of BOET 1ol kAR ps O 210
t has aplertadeemof atlbeativy g breokqingekedtons ostvapd4Bionk en ene side
the initialization of the data records, for trackin )

t RE theiprEs sihise Ivasnerted Hg  sqstipn nsé)%of S4c O prowges detailed
f i at . i , y .
PR e ST a8 {iage pt he location
f by une RIAL Y& idsriog curasalyJike Sepeombidncwitstthe sefustadrthe pressure
then proceeds t tep 430 ere the temwait.s .

¢ RECsEebodaet ok testioh g0 de ] RaTOR bt St whether
| B} i6 O BLHoBRsWiok it Fnletd 28hetBE doReb&aAbn KaP&indic¥ not. Section
creat ed en a pressure wave reports indicates the

o6 tdirapens shostatap o therpressTiveddcay cofseloratiqpoior theagovistream station
presented. via. a graphical. yser .interface to a.displ
AR RO St PR Rl BUEIL A b B ShRIY. whether

ak&@otiRatRinOWia§l€8undl BE ngt. aftc6ad U6 atpdrtt el @g@s Ythbdine flow
a W ndow provided to the operators via the SCADA unit
20vergghre orraboratiens whethti ¢ab ol ertagaessdar af cemplete, whether

r r [t t Q.
SERR oty SR A, R348 AR TR B e utncs
[ dB&Vdendheorsob@etioni whethea ireis edtiyl onerexaspbe ibtomplete, whether
i nci dent -repor% that nmay be presented to an operator.

v

ASOFARPTHION W foundi piRpt. addi tional operational settings
?Eﬂ;h%@t a m%sbﬁis%ﬁéc?gb%ge,: the 08Em e AdigrBcS - witROBR] present

0
screen view in d|V|qud I nto various
wimdotisn o eSextive ansnarfagingi ths tggnemtions of talavms 50 ®rd@plorteduce the

the date d tine at ich the first pressure wave, . .
d8tEEe] ShDecliTEa Il n 5o soPERbIFE FRLHE PG, ivention i
ahgstm e ehnRsish 90RE dignbhiag PABESHIZh BVt 8h& Glebdimending or
using the custom zable alarmlevel matrix presented in

Tabtogmatical jheneeutirBepdensial raneedidl aragsurev efds dissisgababave, the system
t ri]seusae@tﬁl i}{siiiesntll%{ling RS 1S)fc’eisebnlcg a%gslg)c%%io}lio ib%gl high level and lower level
destabilization events. The control center 126 can evaluate the data which resulted in
the generation of an alarm for a destabilizing event via an expert based pipeline
diagnostic subroutine that considers the current destabized character of the pipeline
against the expert system's empirical knowledge of what the current mode's hydraulic
character should look like while cross referncing all SCADA-known setpoint and
equipment status against this preferred and expected character, the expert system
could then automatically execute a corrective measure algorithm or, if preferable,
issue a corrective measure notice to the human to address the low level alarm before

the lower level destabilizing event escalates into a high level destabilizing event with
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event detection nmay change over tine, as nore

corroboration evaluation is conpleted, the date and
WO209158402whi ch each | evel of al arm was reachedCirdS2009/048831

di spl ayed in section504. If a certain |evel of alarm

was not reached for a particular detection, it is not

di splayed in this section. [0069] Section 506 is used

to track and report whet her the i nvestigation |aunched

aﬁg{egtgﬁlocp gay r. has %8 CO e (55 %}%?n génﬁ%:nﬁglagelaechat the control
| e&aéd P16 C4r ﬁi@tlféﬁé bNEmd@hP6t teRstive mdavire d8trepoh@ne destabilizing
one side of the rupture) this is reported in section
5@mntm@41@wlm@1®pwa@@s detail ed i nformation on the
re wa [
B P U SH B B AL ol
Seatiddm&difcdtidpo iidot Vugiagbad msy bé niaﬂ@wﬂhﬁ&&iﬂ:pﬁhdg di@yn the

corrobqgration for the u s&h§$n1statlon us n Epe . .
déegapeof ¢, present inventjog; o éfiselilttheélt@{ll escribed in the
PLAAEEYTa o el GOBRAE] S Mot 99&{439 9% ﬁé scpﬁmm rather, it is
foun Section 514 reports the status of

p cmﬂsmpkatedehayh@:mes@lb orvatfigncadndre ushé udmmmgtfomaimn reﬁnlng and

station used in the detection, iSts, t her
i PEFQNSTHGEY PROGEHISAPEELIony rup?tfeaé‘b?ﬂﬂt %‘&’E’rat\%&?e‘%ﬂ’?éailons and any
c Gfl{epgﬁgr%dr%htéﬁ@@of AL 2R ohPicld BRE T QMcahbd LRRMdndging the
the status of the Iine flow divergence corroboration,

whigbleapeiation of & pipeling imqoth@ @tuebélow;ng theraglyepgloldus, it is ‘intended

b
V\qba% p}espr%:s?ﬁ:g Péltvegt{tlla?tg cg?erts e rlnoéi’ rﬁc ns an(ti V%Il %10';[15 OP th% q?r?ethod

C Qe pF At dc@nhe b @thintthé Scopt thel ?p@fd@@ "Cﬁﬁﬁs amr thiefr
conplete whet her corroborati on was found or not.

[@m%@?emé di scussed above, the systemin accordance
with the present invention is effective in managi ng
the generation of alarnms in order to reduce the nunber
of false alarnms. In addition, it is contenpl ated that
the present invention is useful in connection with

di agnosi ng destabilizing events and reconmendi ng or
automatically executing potential renedial neasures.
As di scussed above, the systemis useful in
identifying the presence and | ocation of both high

| evel and | ower | evel destabilization events. The
control center 126 can eval uate the data which
resulted in the generation of an alarmfor a
destabilizing event via an expert based pipeline

di agnostic subroutine that considers the current
dest abi zed character of the pipeline against the
expert systems enpirical know edge of what the
current node's hydraulic character should | ook |ike
while cross referncing all SCADA-known set poi nt and
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equi pnent status against this preferred and expected

character, the expert system could then automati cal
WORRWTBY2a corrective neasure al gorithm or, i fPCT/US2009/048831

preferable, issue a corrective nmeasure notice to the

human to address the |ow | evel alarm before the | ower

| evel destabilizing event escalates into a high |evel

destabilizing event w thpotential catastrophic inpact

on the pipeline. It is alsp coniegflated that the

control center 126 can i ni X2 enedial or

corrective neasure to respond to destabilizing events

to maintain stable operation. [0071] It will be '
aprasemite intht pegeloskidd baddwilmes mlsjledtveith Bt *atckate towthdrescctions of

art that.variou i.fications and/or ,var.i ati ma

Ui fidon BB e Bp PP G et By RE S aBR (Rg SR o he
PERmEMigddV R 10 Bres\iit havE BcBigisent invention has

been described in the context of a pipeline, the

present invention is not intended to be so |limted,

r I fn tenpl ated that the present invention
c g'jlktzlﬁ‘veng laetlseﬁ ik

e use pi ping found in refining and
p et Defeaningal cyplep R e8¢ NgpelpRy at i ons, upstream and
expl oration operations, and any othr operation
out staleulate thabnchalangs divgagenee dppes HA{CLBDS)ncer ned

Wi t [ «8f abl e operation of a pipeline and
SRR PR e

t he w ng therethrough. Thus, it is intended
t hat Lagdhepepatemeintvehtndegettioon™* t¢Led t he nodifications
and variations of the method herein, provided they

coné%WW@ﬁ?ﬁﬂﬂﬁ@tg%ﬁﬁ@t@ﬂ”?ﬂ@“hppended claims and their
equi valent R ARRE Gty téﬁ?ri@%?%taﬁ@(@OS)"hJs%cM@d@ﬁhfg%esecond

belom1L|nes mar ked™w * relate to other sections
of thetimext, which is included bel ow under the

respecti ve headi.ngs. ferences to the term"trigger"
refer to %?%ggﬁ?@gﬂﬁﬁgﬁW%ﬁ%%ﬁion._RTQ Event Detection
On a one ShAWEuiI6AE and @6weafAmrbghic®chpliset at e t he
i ne bal ance di vergence slopes ***(CLBDS) Store |ine

f | ow dat aSavethq ghreapbraflowialucevent det ecti ons

**FE(LAT) 8  trigae ' .jmer not in progress If
(at Ieasté%%gm%@@b%%§ %%%%g%?%kggtate (COS) has

occurred Shieithgcuttinsedansted linebllasealitergdiec tlopg gelue.
settling étiarrpilge line balance divergence timer
Else
Do nothing and continue
Else (trigger settling timer in progress)
Decrement the trigger settling timer counter.
If the trigger settling timer counter is 0 (timer expired)
Process triggers ***(PT)
Create incident report ***(CIR)
If (bracketing triggers found)
Recalculate the line flow divergence timer by subtracting the settling

time value from the Divergence Stop Time in the Distance Type

structure.
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Start the upstream and downstream pressure decay tiner

Save the current line flow value Start the line flow
WORIWEs§ce ti ner Save the current cal cul at ed PCTAS2009/048831

bal ance di vergence sl ope value. Start the |ine bal ance

di vergence tinmer Else Do nothing and continue Else

(trigger settling timer in progress) Decrenent the

trigger settling timer counter. If the trigger

settling tiger cqunter..i tirer expj.re Process .
triggers - REPTARUE e udyGHRFasBor lmEEty ST the wigger
(bracket i ngsdtilingdRhiSrRURs) inBasuddnes Dat @ gdrve ThimB@lusltaw

di vergence timer by subtracting the settling tine

val ue from Diecrgingedigbglaecestads- Tine in the Di stance
Type str I the line bal ance divergence
Bl REEREe,

timer by su i gger settling tinme from
t he Li ne BalCane tHa deevigesae plossiee dbdss tine. Di ver gence
| mbal ance_val ue. Else If (one trigger found) Cance

t he domné@$%an1pressure decay tiner. Else Do nothing

and continugkﬁﬂ%h@%gmygﬁh&ﬁ@n1and downst r eam pressure
decay tinmers in progress. It's possible that there

coulbriad upstréunupst deamiraad pdosmrs tdeegrimpere s prograde d Hy possible

tinmers jn progress for the s i.peline, one set. of .

t e theie RpRE LS HE RR D™ BHEBHE Ul GEY [iRepdn
for ghgreRy RY tRUSm PiicdiBBlonelsht &F tRREQY FRUBe &drFBRE incfichfand one
progress, then a new incident had to have occurred

bef oteeof tiyacrs torsthi previue seidant. dH@ayretipwetlimendpint piggress, then a
5)22 J?erevgé%tdiegﬂxaald tg iavgeqoecrcur%d %ef%rseutﬁle e%igéﬁgegr%sg?l?esdécg? timer
expired.

If (an operational trigger or a usual suspect has just occurred)
Set the trigger in progress flag to False for all pressures
Set the pressure decay status to Aborted for all in progress pressures
Cancel the upstream pressure decay timer.
Cancel the downstream pressure decay timer, if the timer is active.
Set the associated Upstream Pressure Decay multi-status (used to drive the
Incident Report) to “ABORTED”. The Incident Report alarm level will
not be updated.
Set the associated Downstream Pressure Decay multi-status (used to drive
the Incident Report) to “ABORTED?, if the timer 1s active. The Incident
Report alarm level will not be updated.

Else
Decrement the upstream pressure decay timer counter.
Decrement the downstream pressure decay timer counter, if the timer is
active.

If (there is pressure decay on the upstream pressure)
Cancel the upstream pressure decay timer.
Update the incident report ***(UIR)

If (there is pressure decay on the downstream pressure and the timer is active)
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Set the trigger in progress flag to False for all
pressures Set the pressure decay status to Aborted for
WO099/158603r ogr ess pressures Cancel the upstreaRCHs3¢13/048831

decay tinmer. Cancel the downstream pressure decay
timer, if the timer is active. Set the associated
Upstream Pressure Decay nulti-status (used to drive
the Incident Report) to "ABORTED'. The Incident Report
dated, Sei the associ ated

alarmlevel will not be u

mmstrea(ﬁ%%%tggﬁ?‘gnwg TR qe&%IlIﬁ‘gr‘(used to drive
the | nci depdatR@p@idident fepoABGRIEHR), if the tinmer is
active. The Incident Report alarmlevel will not be

updatadl! lpedlowptizpraapgettinngis iuprogresa it ppessilg watibergycould be

ti . . :
e A S N e
pr estiel c@ree deydedn atdheénepad foathe pressusriadidGan ted piehieus timer is

upstream pressure decay tinmer. Update the .incident. .
PP ProB O UIRRY P EGRTE PP B G BT Ay i Fing line flow

dowaggrga{peg{n%}%y f.4nd the timer is active)Cancel the

downstréam pressure decay tinmer. Update the incident
r epor t If¢ans ppttrR)iorfad trigdet ott 4 menaf $wpead heengierwearred)mrer s i n
progr ess. ' ssible.that there could be two line

| t :
fl ow di ve?ad’éﬁﬁtggﬁpﬁgf"é’ FVTBISGIEEE for the same
pi pel i ne, SQRAR dskdBited PhnctHMw BHVdrBEHce inati AEMAEs @5 B eive the
timer for the previous incident. If a previous tiner ,
i s in progeidsst Rapeenton ABARITEE "dehlic ladlentoR¢ngytealarm level will
occurred IIOO% ore ttQ existing line flow divergence
timer expir 8.“? Cfan operational trigger or a usual
suspectideas just occurred) Cancel the line flow
di vergence tinmer Set the associated Line Flow
Di ver genclacqrement-the hnqBoy gsearanse HRRYEOWES. | nci dent

R t) tQ. L ' e I I I
=port) AT TARGHRREAEN - FBRRD) 2l arm | eve

w || not
If (there is line flow divergence)

Update incident report ***(UIR)
For all line balance divergence timers in progress. It’s possible that there could be
two line balance divergence timers in progress for the same pipeline, one timer for
the current incident and one timer for the previous incident. If a previous timer is
in progress, then a new incident had to have occurred before the existing line
balance divergence timer expired.
If (an operational trigger or a usual suspect has just occurred)
Cancel the line balance divergence timer
Set the associated Line Balance Divergence multi-status (used to drive the
Incident Report) to “ABORTED”. The Incident Report alarm level will
not be updated.
Else
Decrement the line balance divergence timer counter.
If the line balance divergence counter is 0 (timer expired)
Determine the line balance divergence ***(DLBD)

Update the incident report ***(UIR)
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El se Decrenent the line flow divergence tiner counter.
Determ ne the line flow divergence (DLFD) If (there is
WO 20006158403 w di ver gence) Updat e incident report PETASHO048831

For all Iine bal ance divergence timers in progress.
It's possible that there could be two |ine bal ance

di vergence tiners in progress for the sane pipeline,
one tinmer for the current incident and one tinmer for
the previgus incident. If a previous tinmer is in
progress, then a new incident had to have occurred
before the g%hﬁﬁMﬂga@jaﬁn@@éﬁm@ﬁ@ﬂivergence timer
expired. If (an operational trigger or a usual suspect
h&k 4§ thgty seenst ¢yt fapaelepipehiee | i ne bal ance di ver gence
ti . OG d Line Bal ance Di vergence
rnJT¢Q%$gE{£@%%§id {g%grive the I ncident Report) to

" ABQRIIGDAte pTdseurk Ripdert*(B@PYrt alarmlevel will not be
updated. El se Decrenment the |ine bal ance divergence
timer counter. If the |line balance divergence counter
is O (timer expired) Determ ne the |ine bal ance

di vergence (DLBD) Update the incident report

*** (U R)El se Do nothing and continue | ooping On a
thirty second cycle, for each pipeline Check for a
trigger ***(CT) Cal cul ate pressure slopes (CPS)(UUS) -
Updat e Usual Suspects This function is called by Event
Det ecti on whenever a usual suspect point changes state
This function is used to update the usual suspect
timestanp in the real-tine |list of usual suspect
points. This real-tine list is used by the Is a Usua
Suspect function in order to determne if an trigger
is a usual suspect or not.
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Loop though all the points defined in the real-tine

usual suspect list of points Get the current tinme |ast
WOgP0¥158603sual suspect point. If the tinme | ast PLCHES2009/048831

occurred (wi thin Usual Suspect Just Cccurred Tine) Set

a local variable to know that we found at |east one

usual suspect point that just recently undergone CCS.

If the usual suspect point is a binary or nulti-

S Qi.n he state of the usual suspect binary
kﬁhsffﬂpgf‘%t‘ﬂ?e %5}‘?&“ se Continue If the state of

t rgistuR@ion i9€al bl Fvehebetsc i WheneSern wual @isptet poiatcHaRges
the real-tinme array or it is an anal og point Update

théttime last value in the time last round robin array

f %nstfﬂﬁctfo%% u§edg§ g& & heﬁﬂﬁzﬁ%ﬁg eepﬂ.ir%s?a ﬁ?th% ??aq Mt of

a confi found robim array
Vv abuae Suspedt p@ﬁﬁi’] Thésughl- s fisdt ubesl Hyetha MUslmmugfect fu@ction in
usual suspects will repetiti veI y COS in a short period

oPrder fredeteruine 1Hen HAgEF g Wival LSt ALRCY oopi ng El se Do
neLb; ﬂg)u gll @&?du‘i‘tb’ ﬁeﬁﬁ)&iﬁh'ﬁ% Jehl-¥Be ?b ! hg&geét'lﬁgoppomts

rece np on at | east one o sual suspect
poi rﬂ}sthmcuﬂmtnmallampﬁ‘élelwssazl sugpleetrpoant put an error

e he. RTO | o i.l.e t her e
o ot Bt 4ine hotis arsrr i DRGSR T bR P e ulife
Just  Oggu 1088 vEHIBle YR khAP Rt RRFEEnd A 188t dnenBdal(stdpect point that
Check for a Trigger This function is used to check for

an i ni llusarecmti}g@éier@m@@& hrough all TRI GGER pressures

for th asse ne, Cet the of the
bi nar y?ﬁﬁﬁgﬂe‘i %Sp?ﬁé}%%ﬁl alaroersflslll}ﬁlés al\}éﬁ(@ﬁsur e the
trigger v@s th®ttafelof YicOushsuRsReBBasbr (theltistdtis poist
array of triggers gathered). If trigger was not
previ ofidiy processed

Continue
If the state of the binary or multi-status point is a state defined in the real-time
array or it is an analog point
Update the time last value in the time last round robin array for the real-
time usual suspect points. The reason we keep a configurable round robin
array of time last values for each usual suspect is because some of the
usual suspects will repetitively COS in a short period of time.
Else
Do nothing and continue looping
Else
Do nothing and continue looping
If we did not find a recent time stamp on at least one of the usual suspect points in the
real-time list, then output an error message to the RTO log file because maybe there is
a problem with the derive block or the Usual Suspect Just Occurred Time variable

needs to be tuned.
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If ((time [ast of the BINPNT +
edTri gger Just OccurredMaxi nunmfline) > current tine) and

WO KRR ast of the BI NPNT + PCT/US2009/048831
edTri gger Just CccurredM ni nunili ne) < current tinme) and
Is a Usual Suspect ***(1US) returns FALSE) Found a
trigger. Get all the trigger anal og values for the
trigger pressure and store the anal og trigger val ues

in real -tinme array. trigger wave anplitude trigger
h&(&?)s'ggf‘é‘?&oﬁiadﬁvﬁ% trigger ninutes after the hour

t Th@gehctivnlis L15aco OBksckabt &1 inithe tridgant e Log a st at enent
to the operation log file. Return TRUE. Else Do

nbefp ﬂgowlblalﬁw(ﬁﬁg presopichiprithspasssd indineling and
. e . | z
(& gt LBERISPEE M plla IR LR ARETRIGERESE | o 1y

Eveniakesee theariggar evag not pret@usl¥pireccbitd (lookiin last arsayhftdggers

get the sgmof the line flow (flow rate) in values and
subt$tcDhem from the sumof the line flow out val ues

and jtrhe, Jet ML Hoﬂﬂ&@viB@s?;ﬁkztocE%e@r der to determ ne line

fl ow divergence. Loop ough all the line flows in the
Li ne FIfi@imt tascofithe BBIPNiTheedinggerustPatwecddhaxtimgmTime) >

analog line flow|f (In Qut  Lj ow = I N LI NE
FLOW gﬁ\lﬂ‘am{thi stpg) ad’éi(({t&}n%ﬁlét ?ftﬁhgbﬁﬁgﬁi dn vari abl e.
El se AdgrtifierNAIoRutr&dNIem BT i Bk tiﬁé&?gpis% Usual Suspect

Store the sunmati on vari able nmi nus the
summat i6HIY8y tdturng RALRE) Li ne

Found a trigger.
Get all the trigger analog values for the trigger pressure and store the
analog trigger values in a real-time array.
e trigger wave amplitude
e trigger hours after midnight
e trigger minutes after the hour
o trigger milliseconds after the minute
Log a statement to the operation log file.
Return TRUE.
Else
Do nothing and continue looping
Else
Do nothing and continue looping

No trigger found, return FALSE.

(GLFD) - Get Line Flow Data

This function is called by Event Detection every minute.
This function is used to get the sum of the line flow (flow rate) in values and subtract
them from the sum of the line flow out values and the return the result in order to

determine line flow divergence.
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FIl ow Di vergence Line Flow pseudo anal og. This pseudo
analog is only used for nonitoring this line flow

WO PRI on. Return the I N summation vari abl ECHU$HY9/048831
the OQUT sunmation variable. (PT) - Process Triggers
This function is called by Event Detection after the
trigger settling tinme has expired. This function is
used to process all the triggers that occurred during

the tri r tt.li ti nd process, the valid

¢ FPep b EREM G bph it ol B0 FoRGEERBD . Got ' event
| ocatétne &ditdnERhhe Bh e dnRgameaowof triggers found
during the trigger settli&%tirreto deternmi ne the
eventf UndrPpidane Eloy allN LINE FIA?¥)nati on returned to

the oparathQtatd% g{ellgasugﬂl)}a't@] n'val‘i?%l?. Usual Suspect

This functionis ¢ Yeck a Trigger. This
funckls@n is used to determne if the passed in binary
trigger was caused by a usual,suspegt or not. This

functi érﬁidrt]éfﬂi?rl\*%to'lfb&éq]f SYNBAtRISEEPIen bi nary trigger
Is ¢ auggaje B & tionURPEEIk mihhs BT SGARERR AR the Line

caused a usual suspect, then FALSE iIs returned.

TRUE i §laveDinengubce LherFlaw psatdermpalogwl hik pheidb egged id anly used
the operatian log fi.le_of the trigger was caused

by a u Q}a{POIg‘{%lﬁgg]fl_S lh*i*ﬁglo‘g;f\éf%}ﬂnloﬁt e tinestanps will

al so bl RYARANSQIntR N VaHEHIR DR She DT Marinaben Retade.
vari ables in the configuration data can be tuned. Find

the trigger binary IDin the Usual Suspects
CEE.EL_g#roacti .data list and match on either the Usual
S cts stieeit I D or the Usual Suspects Downstream

| Bhidl findthoa it cd1@deyy BicheDY¥tetidefer tiruadgdmicttgs Wsdahs expired.
Suspects listsLoop through the Usual Suspects Poi nt )
Ruhessfupgtion is whaddh parcessaall the Hazagsy fAnt esqupetdurpe the frigest settling

t tri : i PN or Bl NPNT
s PHEREp bG B LARLRTS LB S MARLRE () 2ok
i et beent rbtidn e (GRIglwituhpenty of irgpe@icurgiedurinigehd irigger
| ast . array fromthe realq—trieoi nme usual suspects list. For
aPetingd G P ctaRe CY§rPRUQY- val ues in the tine

| 33k At S Hatibh etiif¥@ko the operation log file.

(IUS) - Is a Usual Suspect

This function is called by Check for a Trigger.

This function is used to determine if the passed in binary trigger was caused by a
usual suspect or not.

This function returns TRUE if the passed in binary trigger is caused by a usual
suspect. If the trigger was not caused by a usual suspect, then FALSE is returned. If
TRUE is returned, then a statement will be logged in the operation log file of why the
trigger was caused by a usual suspect. The appropriate timestamps will also be
logged so the minimum Delay and Maximum Delay variables in the configuration
data can be tuned.

Find the trigger binary ID in the Usual Suspects configuration data list and match on
either the Usual Suspects Upstream ID or the Usual Suspects Downstream ID.

If the trigger binary ID was found in the Usual Suspects lists
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suspect If (time last of the trigger binary >= (usual
suspect time last + mninmum Delay) AND (tinme |ast of
WOH®/158¢03dger bi nary <= (usual suspect time | a®CTAS2009/048831
maxi mum Del ay) Return TRUE Find the oclass Type,
Sstate2 (if it's not blank) in the real-tinme usual
suspects list and get the tinme last array fromthe
real -time usual suspects list. For all the usual
suspect tine l.ast values in th ine |last arr for
¢ e onahtolRe PE TS iR r Poial Rulsk TR i 5 & Yt R pospeet
>= (posttdforshSRRgtr.time | ast + mininum Delay) AND (tine
| ast of the trigger binary <= Eusual suspect tine |ast
+ naxi Hhe Delpssy YPRéMMUfFéNJ or BINBN{t he ocl ass Type is

a ANAPNT)g;Ei p{% Jcl&s ?ﬂ;{,‘%ﬁd ?thfel I it bﬁotfb?ﬁk? i e rﬁﬁ-lﬁ%e usual
suspects 1St and ge he tinme l'ast array fromthe
real - ti mesussased liss iispgeattise tims last &ody Rbrh thdrealiSmalisual suspects
suspect tinme last values in the tine |last array for

the usuall&uspect 1f (tinme last of the trigger binary

>= (usual %o?léﬁgﬁé:ﬁs&i %{%ﬁé&‘%ﬁneﬂawh R el AN nggtﬁe usual

| ast of the trigger ary <= (usual suspect tine

+ maxi nursuBedcdly) Return TRUE. Return FALSE because the

trigger was pnot caus by. a ysual suspect (CEL). - t
Event Locat Ilgqgllmﬂ?llﬁ‘g Qsﬂ}?ct%llg%ﬂ ATy 5FR§§ME§P(S?’?C<L§ ggéesl%e[ *
Triggers, Wy ifihn$ Defly) ARAD Uhe RELSTthd RRybf lbiﬁﬁk?k: (usual
settling timer expireS. This function is used to find
the event | seweétdmblastedmerinune Dskiysed in triggers.
This function I%tlmlﬁn”@?ﬁﬁrn one of 5 possible

condi tions. The tir condi tion being the nost

| mpor t antFiafehetditast Thpd) Ss@bi (if iOH nbtEadkgas theiregiairh@idual
reant ng Cs?lggelcisl 1?5? ar%d gletltllle t?r?lle ){as‘? Srray from the real-time usual suspects
list.
For all the usual suspect time last values in the time last array for the usual
suspect
If (time last of the trigger binary >= (usual suspect time last +
minimum Delay) AND (time last of the trigger binary <= (usual
suspect time last + maximum Delay)
Return TRUE.
Else (the oclass Type is a ANAPNT)
Find the oclass Type in the real-time usual suspects list and get the time
last array from the real-time usual suspects list.
For all the usual suspect time last values in the time last array for the usual
suspect
If (time last of the trigger binary >= (usual suspect time last +
minimum Delay) AND (time last of the trigger binary <= (usual
suspect time last + maximum Delay)
Return TRUE.

Return FALSE because the trigger was not caused by a usual suspect
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returned if condition 1 could not be net. 1)

Bracketing Triggers The upstream | ocation trigger
WORAS§6030i nt | D (upstream station) The down®Cd 09/048831
| ocation trigger binary point I D (downstream station)

The downstream di stance. Upstream corroboration
Downst ream corroborati on Wether the bracketing
| ocati ons are not spanning another station (next to

e t her ). . or anni ng anot her station (not next to
eg(_éﬁLgt' R‘Ze!t))i‘.ve'it)f&?émgi ded Triggers The location
t ThggehictinIAEMIcB By Frodds TEESSGESthish Bldaley just e tirarigger

the direction is upstream or downstream 3) Sane
sseftlingrimarieypieess  The first |ocation trigger binary
pqh{ltﬁlflgt)logljg ald4q8 )ﬁnd tﬁ/éhévenﬁro{:#b% lﬁk%c?&& fhg%aés%(% in triggers. This
upstream downstream or I n the station. 4) e

Trirggern will kgurnrdng @E6 pokdilsle Yopditions. IThe(fttadonditipn bding the most
Error conditiaon, because the triggers did not fall .

i PP he 2t the hidth-099¢idion theolfet {MBAEANt eang congditign fgwill only be

{HGEH 5 0GB 1NpLABERge e should not be cal | ed

ess there is at least one trigger. Return an error
condi t ilprBratietingdireggels only one trigger Return the
trigger binary point ID (station).Adjust trigger tine
to dorrect f6Fubsiram InfationgHiect Sty boighiD Qi gation)
array of Jri terib PPy BBSE 115 RRSHstrb B
using the t IrI?‘g gé‘?m%%eg{ﬁslgg ?erm%%%f gag}' ,B&t rI| ggdé’?% g ation)
m nut es of t &he dbenkitdam disaacet he trigger mlliseconds
after the mnute val ues. The DFC (di stance from
centre) at golstream gareebargfidthe “for" | oops bel ow wil |
be: DFC = ([iﬁﬂléiseconq)ti of trigger upstream -

ne
M Il isecond tWﬁlér%afmf?ﬁr%é’é?m@omstrean) ( Wave Speed /

Convert MVAveypieedhclbiaBkdtiag Mdatibsesond6gpannihg dnother station (next
to each other) or spanning another station (not next to each other).
2) One sided Triggers
e The location trigger binary point ID (closest station).
e Whether the direction is upstream or downstream
3) Same station Triggers
e The first location trigger binary point ID (station).
e Whether the direction is upstream, downstream, or in the station.
4) One Trigger
e The trigger binary point ID (station).
5) Error condition, because the triggers did not fall into one of the above 4
conditions.
If there are no triggers
Log an error because we should not be called unless there is at least one trigger.
Return an error condition.
If there is only one trigger

Return the trigger binary point ID (station).
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where "M I lisecond tinme" includes the hour and m nute

data. This first set of "For" loops wll try to find
WORPUR8¢%2ng triggers that do not span a stati B&T/US3pP09/R48831

= (1) to (nunber of triggers - 1) For B= (A + 1) to

(nunber of triggers) Find the A and B location in the

Di stances structure. If (Stations Location To Each

O her = NEXT STATION) Deternine the DFC using the DFC

al.gorithm above, |f >= -((0..5 % D st.anc

TORBrb RS SRS o ke ebibiEd eoh BN By thragy of
Tl ee oldcst tané &) hodet®nt fifne @kﬂnF RASig b & TRk Saffd @nidnight,
correct, an answer greater than half of the distance

i Frigast mpmEey dice thethoar tagd dhaigacr millipeonds aftst theyaipute values.
| : | 1 def i .ni: Noe and. 1 N he-
B e P Bk EpR L Lot o
sDatd o ( (Mdtiscbnod dine@i tiigges apsttcamFAMIHiDowmistime afirigger

station corroboration is set to FALSE For the A

| BRURHEATY (W PeaPRT L SOPUT) Vewe Spﬁe@mi\@@%@ﬁ )/2
S LAk deBFRT timé? {nciu!alfassthéhh%é’}{d' Rihuld dgger 1s an
upstreamtrigger, see If we have the same station
ddlsdirstesanof ‘tHoggkmops @l irf ta find bAackaomattiiggers thaddo not span a
downstreamtrigger, see if we have the sanme station
uﬁ@{l?%amtri gger). If (found the same station for the
AFBIOA&IH?_E}) (dubnteMbt tiggg@gand time of the A location
same station downstreamtrigger > M| lisecond tine of

t he Rorllbcdditoh) todmembsaraxf itegecty)st r eam t ri gger) Cont i nue
on checgki f,or ali.d A .location. (Event not in
ohi o <EoiEle Pt Rt on e BiBRE S RRukST The a

| ocat i on(SEAidEs Bbédtiod TolRWA Wth&NENTOYEATION) | | i second

time of the A location sanme station upstreamtrigger)
Determine the DFC using the DFC algorithm above.

If (DFC >= -((0.5 + Distance Tolerance) * Distance)) AND (DFC <= ((0.5

+ Distance Tolerance) * Distance))

Note: If all measurements are correct, an answer
greater than half of the distance is not possible.
The tolerance is put in to cover inaccuracies in
pipe length definition, and timing.

Downstream distance = DFC + (0.5 * Distances)

Upstream station corroboration is set to FALSE

Downstream station corroboration is set to FALSE

For the A location (upstream location) see if we have a same station

trigger. (If this A location trigger is an upstream trigger, see if we have

the same station downstream trigger. Or if this A location is a

downstream trigger, see if we have the same station upstream trigger).

If (found the same station for the A location)

If (Millisecond time of the A location same station downstream

trigger > Millisecond time of the A location same station upstream

trigger)
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Upstream station corroboration is set to TRUE El se
{downst ream and upstream sane station trigger tines
WORPY/15p2sane} Upstream station corrobor ati onPCI/US2Q09{048831
TRUE Downstream di stance = 0 For the B |l ocation
(downstream | ocation) see if we have a sanme station
trigger. (If this Blocation trigger is an upstream
trigger, see if we have the sane station downstream

trigger. O if this.B |location i.s a dgqwns a .
trigger, see if &J@n“%‘{?eoq %‘g%lgﬁéorsat%a?ﬁ%gg_?plgf %:’PéoélrﬁEvem notin
trigger). If (foungdsdghenpane station for the B

| ocation) If (MIlisecond time of the B | ocation sane
stati on downstPleahh(Milligeemding ofithe Adeeatiopispme shtiphe B

Stati on cor  ohrari o FERLE FATUH ErRThe B 128 same

(M11isecond tdtationaipstrésen Bidgeoat i on sane station
downstreamtrigger < MIlisecond tinme of th

B
| ocation same st &PPEFIHEHRERHTCTGIRAY Se@iﬁwfRH_@e on
checking for ial%lgg &&c%nsﬂ@éhl %gée‘ ﬂ?ét%nﬂahe%tdt%g gﬁ\}\%&? tinR4bre the

use this one e cannot ound. El se St ream
and upstream sanejstation trigger tinmes are the sane}

Downstream st at i corroboration is.set t

Downst r eam di st a @étf@%stﬁBﬂh&Ofm%QEaZ@Pi%“?? %&E s.
Ret urn Bracketi ngolnk@8eh giskdast £@am | ocati on
Downst ream Locat i onDownst ream di st ance Upstream

station cor Fobhedt logatian (dpwsstDennlotatwases iAmiedave a same station

cor roborati eri]ggse%%hl{ﬁis B location trigger is an upstream trigger, see if we have

the same station downstream trigger. Or if this B location is a
downstream trigger, see if we have the same station upstream trigger).
If (found the same station for the B location)
If (Millisecond time of the B location same station downstream
trigger > Millisecond time of the B location same station
upstream trigger)
Downstream station corroboration is set to TRUE
Else If (Millisecond time of the B location same station
downstream trigger < Millisecond time of the B location same
station upstream trigger)
Continue on checking for a better non spanning A — B location,
but use this one if one cannot be found.
Else {downstrcam and upstream same station trigger times are the
same}
Downstream station corroboration is set to TRUE
Downstream distance = 0
Found bracketing triggers.
Return Bracketing Triggers
Upstream location

Downstream Location
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Not spanning stations El se Continue on checking for a
valid A - B location Else Continue on checki n% for a
T

WORHIYI§8®W2- B | ocation This second set of "For PCI5ge9/048831

will try to find bracketing triggers that span a
station. For A = (1) to (nunber of triggers - 1) For B
= (A + 1) to (nunber of triggers) Find the A and B

| ocation in the Di stances structure. If (Stations
Location To Eacht(Ih r = NOT NEXT STATI ON) Determ ne

t he DFC usi P@W’ﬁéea&: S%?I“&%rithm above. |f(DFC >=

-((0.5 + Di sipaieen Talie estesdbradiossamge) ) AND (DFC <=
((0.5 + Distance Tol erance) Distance)) Downstream
di stance = Do@nstr¢am sfakoFFRREBION SYHEY r eam st at i on

corroborati [ : LSE Downstream station
corroborati g\%t szané‘?? S%aglo LSE For the A | ocati on

(upstreanklkecati on) see if we have a sanme station
trigger. (If_this Alocatiqn trigger is an upstream
trigger, sef&opfinygPnicekipg rs?‘a‘f‘?él%ﬁ att 9F2HBanst r eam
triggeg) O if this Alocation is a downstream
trigger, see if we have the sane station upstream
tri gger) .Cddtin(f onrbedkive foanwalsd At+ Bhodagpnt he A

I ti If (MI]L] ti the. A |l.ocat]j .
5 ket VoSS W Tnd e BB AT on
| @6ARI-0N ) FAMRInHeAbf @fRgtRStNeam tri gger) Continue on

checking for a better spanning A - B |ocation, but use
t hi sFade=i(A ‘oheodaymledr oférigastmid. Else If (M1 1isecond

tinme o:F.t Al i on sa tation downstreamtrigger
< MIIi énéigg%@%nl%cnlgiogf‘ tl?lhléﬂﬁ\e oca Clesosr}mscau&% station

upst r ea(Stdtiodd 64t ToeRth VAt -ONCIONEXTS BATION) s set
to TRUE Determine the DFC using the DFC algorithm above.
If (DFC >= -((0.5 + Distance Tolerance) * Distance)) AND (DFC <= ((0.5
+ Distance Tolerance) * Distance))
Downstream distance = DFC + (0.5 * Distances)
Upstream station corroboration is set to FALSE
Downstream station corroboration is set to FALSE
For the A location (upstream location) see if we have a same station
trigger. (If this A location trigger is an upstream trigger, see if we have
the same station downstream trigger. Or if this A location is a
downstream trigger, see if we have the same station upstream trigger).
If (found the same station for the A location)
If (Millisecond time of the A location same station downstream
trigger > Millisecond time of the A location same station
upstrearn trigger)
Continue on checking for a better spanning A — B location, but
use this one if one cannot be found.
Else If (Millisecond time of the A location same station
downstream trigger < Millisecond time of the A location same

station upstream trigger)
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El se {downstream and upstream sane station trigger

tinmes are the sane} Upstream station corroboration is
WO2H99/}5860FRUE Downst r eam di stance = 0 For the BCITAS30090#8831

(downstream | ocation) see if we have a sanme station

trigger. (If this B location trigger is an upstream

trigger, see if we have the sane station downstream

trigger. O if this Blocation is a downstream

trigger, see if have the sanme stati.on am
trigger). If (f oﬁﬁ’aﬁ?ﬁ%s%% CAtRP faélr?nflso?etkjcﬁzﬁ

location) If (ikd kdowamasdsh bhdepfcain@mB staRioa tii @ivr Siafe® arc the
station downstreamtrigger > Ilisecond time of the B

| ocation same ¢t&ti on upstreamtrigger) Downstream

station corrobor I(S)?Q%TI#] gta@&f bbb RN R €14 'ht{UEn

(MIlisecond tine ocation sane statio

downst ream t ri gg®owasitdoh dsemond 0t i me of the B

| ocati on sane tation,upstreamtrigg[eru)g Cont i nue on )
checki ng f oFoRihga} fogation (dewnyeca lopatia éee{lgav ¥§ & &g station

and upstr ea%g}gmﬁﬁ@tﬂ fe,gatwni BELL: i§ Lﬂﬁgsut%gﬁ %%E%r?&@?ﬂ' we have

Downst r eam st I on corroborati is se

Downst r eam tieshmection GoRostndnbirggket@ng this Bjgetion is a
Dovnst r oam BONERTEA FOas HdbREar et U TEEerpRream rigger)
station cor (OfEaAtthOfnsd @htith PR [RAMHE at i on
corroboration status Spannl ng stations
If (Millisecond time of the B location same station downstream
trigger > Millisecond time of the B location same station
upstream trigger)
Downstream station corroboration is set to TRUE
Else If (Millisecond time of the B location same station
downstream trigger < Millisecond time of the B location same
station upstream trigger)
Continue on checking for a valid A — B location
Else {downstrcam and upstream same station trigger times are the
same}
Downstream station corroboration is set to TRUE
Downstream distance = 0
Found bracketing triggers.
Return Bracketing Triggers
Upstream location
Downstream Location
Downstream distance
Upstream station corroboration status
Downstream station corroboration status
Spanning stations
Else

Continue on checking for a valid A — B location
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El se Continue on checking for a valid A- B
| ocati onEl se Conti nue on checking for a valid A - B

WO 2804583093 This third set of "For" |oops w |l ®PEF/US3009/048831
find one sided triggers. For A = (1) to (nunber of
triggers - 1) For B = (A + 1) to (nunber of triggers)
Find the A and B location in the D stances structure.
If (Stations Location To Each Ot her != SAME STATI ON)
Det (i‘efg‘lm ne the DFC using the DFC al gorithm above. If
(DFC'PS a negative nunber) Found one sided triggers.

Ret ur nCoRgn diecheditihg @&TaSvallg r ealchtmat i on Downst r eam
Location The direction is upstreamElse (the DFCis a

pdbistthiye s¢i @hbBer lemnsdlldrydodindedesided §égeers- Ret ur n One
Si Ty | ogati on Downstream Locati on
Tﬁgle‘gi r lgtg(?@ﬁ]lﬁ}bgpélf)ﬁg%?rseg% El se Conti nue on checking
for For\Baki(4 +Al »to Bnuralsatof @fggti)s fourth set of "For"
loops will try to find sange station triggers. For A =

(1) t oFpiuhpérandrB tacpigeingdhe Disfanegt sSticlirg.A + 1) to
(hu”beﬁf@at{fohg 9980idh Trdfﬂ(:&htd}ﬁeﬁ:asm,% dOCRIcN in the

D st ances structure. Stati ons Location To Each
O her = SAENSTIATIANC ufing Md DFE etaonichrhiabeveof tri gger

Downstream SeEh | LiSesondmbed® of trigger
Found one sided triggers.
Return One sided Triggers
Upstream location
Downstream Location
The direction is upstream
Else (the DFC is a positive number)
Found one sided triggers.
Return One sided Triggers
Upstream location
Downstream Location
The direction is downstream
Else
Continue on checking for a valid A — B location
This fourth sct of “For” loops will try to find same station triggers.
For A = (1) to (number of triggers — 1)
For B = (A + 1) to (number of triggers)
Find the A and B location in the Distances structure.
If (Stations Location To Each Other = SAME STATION)
If (Millisecond time of trigger Downstream > (Millisecond time of trigger
Upstream + In Station Millisecond Tolerance))
Found same station triggers
Return Same station Triggers

Upstream location
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Upstream + In Station MIIisecond Tol erance)) Found
sane station triggers Return Sanme station Triggers

WOBY 586 | ocat i onDownst ream Locat i on Upst r eaRCT/US2009/048831

direction Else If (MIlisecond tinme of trigger

Downstream < (M| lisecond tinme of trigger Upstream -

In Station MIIlisecond Tol erance)) Found sane station
triggers Return Same station Triggers Upstream

| ocati on Doypnst ream Loc tion Downstream direction El se

(the tines rog"nétﬁi?é’lli:o WAd same station triggers.

Ret urn Same Upk@dan®Birddtiogger s Upstream | ocati on

Downstream Location I n the station direction Else . )
Cont i niiéscdh(Mbssepriytimeof figesr Pawastreag: 1 Gulalipesand Hgea trigger

error %ﬁ@%ﬁﬁ t i%t&tfdn%ﬁﬁ.?ecghc?Tgﬁbn% | into any of

t he above conditions. Return an error condition.
(DPD) - Deftvedmime statiessipgersDecay This function is
called by Cal cul ate Pressure Slopes. This function
det er mi neketium Sanes ation 1888 ur e decay for the pressure

trigger $89mi 1Bcatih ((post slope of pressure - pre
sl ope ofp(tgzze prrnescsaulre + Pressure Decay Threshold)) <

0) Ther e Dewmtessureatdecay for the passed in pressure.
El se o
Downstream direction
Else (the times are equal)
Found same station triggers.
Return Same station Triggers
Upstream location
Downstream Location
In the station direction
Else
Continue on checking for a valid A — B location

Log an error because the triggers did not fall into any of the above 4 conditions.

Return an error condition.

(DPD) - Determine Pressure Decay
This function is called by Calculate Pressure Slopes.
This function determines if there is pressure decay for the pressure trigger passed in.
If ((post slope of pressure - pre slope of the pressure + Pressure Decay Threshold)) <
0)

There is pressure decay for the passed in pressure.
Else

There is not pressure decay for the passed in pressure.
(DLFD) - Determine Line Flow Divergence

This function is called by Event Detection when the line flow divergence timer is

active.
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There is not pressure decay for the passed in

pressure. (DLFD) - Determ ne Line Flow D vergence This
WO is call ed by Event Detection when tRET/(SARN9/048831

flow divergence tinmer is active.This function

determnes if there is line flow divergence on the

pipeline. If (the current result from Get Line Fl ow

Data > ((the saved result fromGet Line Flow Data +

Dead d as line
156 Gl s HERYEr San TR SRoY ko Gl REMTRAR, e
f hmvledduylehg@mefmmgetahﬁe Floe Daha> gehetsavaigsiingb® @& inc
or was not line flow divergence to the operation |og

f Flav PpfapD)ine Hiwsy BXygraenceilivad Bandihce Di ver gence This
funeﬁégﬂﬁﬂg%&glr%quydggﬁﬁﬁcDetectlon after the line

bal anc ence tiner “expires. This function
determnes if there is currently a line bal ance
di vergence on the pelin ((the saved line
bal Jhealpeleep@owphgavgthn@ w@wegslﬂcet he incident) +

I( ?:?g %lb NS tlgvyl? s%%@a@ aBelide ﬁo»(ftdﬂ%r%%é f¥he operation

al ance s ue The pi pel I ne has
b&dgafinice divergence Else The pipeline does not have
i ne bal ance divergence Log all the data as to why
there was or was not |ine bal ance divergence to the

OPSLBD) ométa%lhhmneéﬁaﬁlemﬁgake I nci dent Report
Thi s functlon is called by Event Detection after the

Pbsdfosctipniig galted bydivient Riteetion aftgr det lingfhadance Hivergenegyamer
setgllng timer expires. This function is used to COS
tﬁ@?d?iving poi nts for the Incident Report custom

diTaR faN&ionIRULmiMeS iCHEkENturtdhely ddfic DaPoE tivagehdteon the
previous incident report by COSing the
pipeline.
If ((the saved line balance slope value at the time of the incident) + (Line Balance
Divergence Deadband)) > (the current line balance slope value)
The pipeline has line balance divergence
Else
The pipeline does not have line balance divergence

Log all the data as to why there was or was not line balance divergence to the

operation log file.

(CIR) - Create Incident Report

This function is called by Event Detection after the Process Triggers call, which is
just after the trigger settling timer expires.

This function is used to COS the driving points for the Incident Report custom
displays.

Save the current incident report as the previous incident report by COSing the
Incidents[ 1] points with the Incidents[0] points.

COS the Incident Report pseudo points for the current incident using the information

returned from Process Triggers.
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Incidents[I] points with the Incidents[Q points. COS
the I ncident Report pseudo points for the current

WO HV§8¢2 using the information returned fromPPTEHaYN9/048831
Triggers. The current alarm | evel can be determ ned
using the Alarm Level Truth Matrix. The alarml evel
may change when the Update Incident Report function is
called (line flow divergence tiner expi res or line

B OB b R e SR BT 5 P v, e

| i el AP @hdngeRFHRAMRE Uplatt tndidedt Rﬁﬁdrﬁfdn@ﬂoﬂ Rgafléd @ine flow
(UR) - Update Incident Report This function is called

bylivietasaepEventDirceet bie kianse diveeanrdle 1 ow di ver gence
t 'C‘(B%rthg)f C?sffgzﬁtl%ﬁ gfte{tusalglh tpﬁaﬁghgﬂg%ltﬂ tﬂee‘gglfﬁéﬁf F]tjgi%s been

determ ne sed to

diLb¥ ial gn ¢ RS poxd 1ﬂfhﬁndtmnd&mopla@pmhtlog:ﬁ&t om di spl ays
If (called after Iine flow divergence tiner expires)
Update the line flow divergence nmulti-status driving

po d WP,F,I here was |ine flow divergence
o?mnlg)t bgé? eici lg a ?’er I i ne bal ance di vergence

d @hﬁsrfnhm'@ai)is tiddiby rtdaepEveméD detiarafter theveredbrve divergence timer
mul t.i - st atu oi nt hased on r ther was a |line
bﬁi‘lﬂﬁé@rgﬁ?\/@?eg% eg}"efﬁﬁnce %@5’?3@? S’En%m’? al arm | evel
U%ﬁquﬁaﬁm@hgad%o qﬁ&dt@ af drﬁm?gef(hht@ dn %élnéldéhmépoheaﬁﬁdom

Truth Matri x. | ower alarm |l evel is cal cul ated
(dspRysevere), then the alarmlevel nulti-status and

t armd cI red contr.ol . driving points wll
bzfe(ﬁ%lzeéitarﬁ(fr? Wa%‘éler%nce \Feg%qinf;eash on Status

mul tp &t @thdSing @]OW: divérobndeeniStathd dyiviRe poiePENed 84 athether there
Log a? Inci dent Report information to the operation

| og W4 léne fiaoy BDSygencannall at e Li ne Bal ance Di ver gence

t?a%e(céﬁryd%ﬂfeyp&é ﬂ)a%}ce%&?%én%g d¥ueRpt Detection every

m nut ard trigger has occurred or
not . Uffdutesthfe uine bhlancddiv epphaasultikgateupaietbastd orewhethamnbere was
di verlgenc sl ope val ue. Get the inbal ance val ues.
in¢ balance divergence or not.
Recalculate the alarm level using the matrix defined in section 3.1.4 Alarm Level
Truth Matrix. If a lower alarm level is calculated (more severe), then the alarm level
multi-status and the alarm declared at time control driving points will be updated
(COS) and the Investigation Status multi-status point will be COS with the “OPEN”
state.

Log all Incident Report information to the operation log file.

(CLBDS) - Calculate Line Balance Divergence Slope

This function is called by Event Detection every minute regardless of whether a
trigger has occurred or not.

This function determines the current line balance divergence slope value.

Get the imbalance values.

Store the delta imbalance value along with the current timestamp in the next entry of
an internal round-robin array. With a round-robin array, the oldest value will be

discarded once the array is full of entries.
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Store the delta inbal ance value along wth the current
tinmestanp in the next entry of an internal round-robin
WOZPAP860y t h a round-robin array, the ol dest P&T{IS24(o/048831
be di scarded once the array is full of entries.If the
round-robin array is M| of entries Conpute the sl ope
using the following algorithm Set el apsedM nutes =
(ti nmestanp of the newest delta inbalance value in the

st f th | dest delt
ﬁfgtg?g g'reglln[ﬁ%r%&ﬁs O#en% aa?gblon ar?ag) '?’ﬁe rgasgn

We Ne&fpite tieallepel3ing tﬁé &m‘@ﬁﬂng’fhlgbﬂltﬁﬁl i s because RTO is
not always called precisely every mnute. For exanple,

at t¥ré clapprddfinglse=hour nore than 1 minute nay el apse.

Conver ttlﬁlgket‘a C§ GEQR %%weﬁ% fta %lg’)teléﬁﬁe %hfﬁ@ %%Eﬁe %M 1eo%m arrép’)

val ue onal - m nut es | ope ue = (sumo

al It hetlrdesitetnap bfnthaloaresede\hahmeslancre vahe inohundbobin array)
array) [ (elapsed M nut esiﬂ e Line, %I ance

Di ver gahe éeaéwrbwé ngeralosg Gy ten?lawe Fippes i hopasyRTdis not always
El se Da,ngy nﬁééll%} Q%rﬁr}] ki F&t%lagme at é@ttop%iatﬁgh&?r\ﬁﬁé)re than 1

St at e Nor unction is calfed by Event
Det ect nnmutwhenyalmet he i nvesti gat| on st at us pseudo
mul t j - st at oi n{

f unctPBEt | 8@%0%9&%@ app lrf ?Pe‘fa 83%8“‘)“1 minutes.

nul tde §fo§& Y& ReE (Rhimt 6F al N 1muafanweammﬁ$ﬁd I@aﬁd Bdbin array)
status pseudo nulti-status point is in the "CLOSED

stat/e. Loop though each pipeline Loop through each
i nci de taGe@Mihe urrent state of the investigation
st at us %s%sﬁ -status point. If the current state

is "@@mﬂlméaala&lb@l)weagdﬂcb Sipl aﬁ@leg @oinfulithithSilapdiSalue
p0| nt to "NORMAL", if it is currently not in the
"RORMAL" state. Else

Do nothing and return.

(SALSN) - Set Alarm Level State Normal
This function is called by Event Detection whenever the investigation status pseudo
multi-status point COS or at RTO — ED startup.
This function is used to set the alarm level pseudo multi-status point to “NORMAL”,
if the investigation status pseudo multi-status point is in the “CLOSED” state.
Loop though each pipeline
Loop through each incident
Get the current state of the investigation status pseudo multi-status point.
If the current state is “CLOSED”
Set the alarm level pseudo multi-status point to “NORMAL”, if it is
currently not in the “NORMAL?” state.
Else
Do nothing and continue looping
Else

Do nothing and continue looping
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Do not hi ng and continue | ooping El se Do not hi ng and

conti nue | oopi ng(LOT) - Log Operational triggers This
WOt is call ed by Event Detection once p&FTHSANQ48831

This function is used to check for operational

triggers and | og the associ ated anal og values to the

operational log file. Loop through all trigger

pressures for the passed in pipeline Get the tine |ast

of i n reponti.ng the operational trigger

ppé{gg‘zr-Eog?ﬂ;{e(?ﬁﬁ%alltgggergf the BI NPNT + Trigger Just

OrgisrfuedioVaX tAnebyi Bt Petttidrestce pennueénd ((tinme | ast

of the BINPNT + Trigger Just Occurred M ninmm Ti rr‘e?e <

c dhisdhrctionrgysedde ch¢ak fphepargtiopgltiizgersapg lagdhe assogigied analog

tQ?]ugsot%rtﬁé{)ﬁeq%ontaﬁogqﬁg pressure and store the anal og

val'ues in e operational log fi le trigger wave

ampbp thickesht 411 @igeer fredsuses &ditthe pasethingdipelinei gger mi nut es

after the hour tri g%er mlliseconds afte{ the mnute

Mar KOgtHBe tife degept the Dipapeeopottingehgepesgtiqngl giggpigprossure

mul tﬁlﬁ'@gﬁlé 1999 A @I‘Nfli}b‘? +5ﬁ'%ief: fd%sgg%urre@cﬂﬁa%)infum 'lgének)) y> current

Cal c te Pressure Sl opes s function is call

Ev e tim®etnd ¢ (tinonlastvef itlye BONRN'E gribisggeThiss Ofcouredd Mimimum Time) <
determ nes the current pressure slope value for all

t he $4i95®Phr essures. It also sets the pre-slope

val ue @Tégalqjﬁf&fi%&%ﬁalbg%al@t@§for$ﬁeod}ﬁra\ffélnhﬂetﬁg%ér pRessure and store
trigger occurs on the pressure. Loop through all

t r i ggethqpmelpgunabiss frptheoperapesa éep fils. pi pel i ne Retrieve
the val ue_.of the hing)h rdeesol ution pressure using the

Hi gh Resol GET o Brd shltj € anal og hardware point. |If

(trigger triggbdhopfQdieestddight Pressure) |If (current tine
> (the time of the tri g%er + Pressure Decay Stop
Ti me)) trigger minutes after the hour
trigger milliseconds after the minute
Mark the trigger in a real-time array to avoid multiple logging of the same

trigger.

(CPS) - Calculate Pressure Slopes
This function is called by Event Detection every 30 seconds.
This function determines the current pressure slope value for all the trigger pressures.
It also sets the pre-slope value and determines the post slope values if a trigger occurs
on the pressure.
Loop through all trigger pressures for the passed in pipeline
Retrieve the value of the high resolution pressure using the High Resolution
Pressure analog hardware point.
If (trigger is in progress for Pressure)
If (current time > (the time of the trigger + Pressure Decay Stop Time))
Set the trigger in progress flag to False.
Else (we are before the stop time)

Compute the post slope using the following algorithm:
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Set the trigger in progress flag to False. Else (we

are before the stop tine) Conpute the post slope using
WOHY/¥584020owi ng al gorit hm Set el apsed M nut es ZCT/US2009/048831

(timestanp of the current high resolution pressure

value) - (timestanp of the saved high resol ution

pressure value ) Convert the "seconds" part of the

el apsed M nutes value to fractional mnutes. Set slope

Val ue = (current, high resol ution essure, val ue, - .

saved i o PEEST M B p aRhES I aieybRyion pressure
M nut es) \@%R t emRshp 5F BB SaAAi@orasblubod pRssure value )

sl opevValue. If (to current tine > (the tinme of the

tri gger + Ponvegihe ooy’ Brhpt thyickpygd Miutespadustaiffpstional
Pressurelgﬁﬁ&¥ (DPD) determ ne pressure decay. If

(there is Pressure Decay) Set the trigger in progress
flag to Fsdtskepe Satuct-heuptrdsgh esdatay pebaireisaltio - Favtel high
El se (there is not Pressure Deca %gSet t he pressure
decay stdFﬂ%uWQPEﬁﬁ%ﬁﬁVéﬁgz(@ﬁﬁeé "We$ore the start

tinme) CO%%E Z}gekpdfst sl()gé hQU with tRModcVaRI00r €ss for

Pressure) or an trigger on the pressure. The
Check Forlf foTuirggermd uifttitiore afahd eggen Besnte Detayditardidime))

30 d t] ' d to k if : h
{ust “occurr bal Hderine Bebwbeperaer Bl peagRe prasure decay

pressure) |frhdelsPrbgur Dddalent pressure sl ope val ue,
round-robin array is full) Set the trigger in progress

flag to True. RethathigepriepspressdegsgFalsatus to

Unknown. COCS t re slo anal o i-th the current
pressure s|opé§§§§U%?$ f?ﬁ%aﬁgngg?%pe anal og with
0. Save the EgertRR is hogPrek@sObBEdy9N pressure val ue and

tinme last and call it
Set the pressure decay status to False.
Else (we are before the start time)
Continue.
If (trigger is not in progress for Pressure)
Check for an trigger on the pressure. The Check For A Trigger function called
in Event Detection (30 second timer) is used to know if an trigger has just
occurred.
If (an trigger just occurred on the pressure)
If (there is a current pressure slope value, round-robin array is full)
Set the trigger in progress flag to True.
Set the pressure decay status to Unknown.
COS the pre slope analog with the current pressure slope value.
COS the post slope analog with 0.
Save the current high resolution pressure value and time last and call it
the saved high resolution pressure value and time last.
Save the time of the trigger using the time last of the binary point.
Else (there is not a current pressure slope value, round-robin array is not
full)
Set the trigger in progress flag to False.

-52-



t he saved hi gh resol ution pressure value and tine

|ast. Save the tinme of the trigger using the tine |ast
WORP0¥158608i nary point. Else (there is not a cuPEES2009/048831

pressure sl ope value, round-robin array is not full)

Set the trigger in progress flag to Fal se. Set the

pressure decay status to Aborted. Else (an trigger has

not occurred on the pressure) Continue If (the current

hi gh resol uti g ressure value is,,a new COS) Store the
current higﬁaﬁgggﬁﬁ?F%ﬂaﬁyégg ﬁgpggpﬁg‘along with the
time | gk (4 FRSEARER ot oédiercadalioopieguid) in the next
entry of an internal round-robin array. Wth a

round- r it ay, the ol dest value will be discarded
onc - 1S .0 [ LT und-r obi n
arr glfjhlﬂg C%%Iﬁ){%%h rg%c%ﬂrlélloensg rg% %ﬁrﬁ%&? RE'S HE%SE sing the

f ol | owStge eegatichitiiph f8bluabmpassirdvalut eng wWith the smaripst
of the newest high resolution pressure value in th

P )
r ound- FBISFAMRL 4 analogrnoiridp Siegest erttweofande@fnamﬁﬁ-robm
resol uthon REESSL d.gf@diﬂsna%ftﬁétﬂﬁdémme R@H'&B d?st%mxa once the

Convert the "seconds" part e el apse nut es
val ue toay isefolloboatiesri nut es. Set sl ope Val ue = (newest

high r | utign pressure.value - ol dest high
resolu%ﬁgﬁr §§EW§“V%P%. “ﬁ%?gﬁﬁpsed M nutes) COS the
Pressure &hapge anali@s Reighthe Wilhiideesti@ae Val ue. El se
(round-robin array is not full) Continue on with next

pr essur e Htshpgadidimsiesredimdstagtn efgbonew s highresodufioa pressure
value is an ol d COS ntinu Wt h next - -
or essur vt pancioRadh a4 PobhohodTHfe oiday hgh sgsotution
noni t or i Nge@uiY RAld iehn@uneikbiharbglent i fy possi bl e
destabi l'izing events in the pipeline network ,
conpri si rigen§BriBs ngeals” Birt Abthe chvsekMirntviaabs tgifastipnal
the pi pel jpeiletwork at

Set slope Value = (newest high resolution pressure value - oldest high

resolution pressure value) / (elapsed Minutes)

COS the Pressure Slope analog point with the slope Value.

Else (round-robin array is not full)
Continue on with next pressure

Else (the current high resolution pressure value is an old COS)

Continue on with next pressure
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predeterm ned | ocations within the pipeline network;
and determ ning the presence of a possible
WORBY 15842 zi ng event in the pipeline network PRT/US2009/048831
response to the sensed pressure waves by detecting
variations in the sensed pressure waves, and
determ ning whether or not the detected variation
exceeds an accepted standard deviation. 2. The nethod
acgor di .o .claiml, wherein the accepted standard
dggﬁ%ﬁigiﬂgﬁgé% enpirically determ ned standard
deviation. 3. The nethod according to any one of the
precedi ng clains, wherein determ ning the presence of

a possil bl & mfakadafirpgl Zinymeniégiing apipelercgicpednkie idsatifiopqesible

[ ; ’ S s further

c gﬁ%%ﬁ@%ﬁ% gveglgst ﬁelFﬁle ﬁ@ﬁ%&ﬁﬁvﬁ%ﬁ H(E)ﬂ?p Pr{:%l;@ a subsequenti al
deconpks@siigidhe ©n afoa€ pesdust ivavésswithie stenpipélolel meworg at he

det ecti on &f the variation in senseﬂ pressure waves.

4 PrefiRETTHBEh iRFABRRSOY A e RIPEINSI 0Tkt ik her

Compri singe: | . ar mindicatiing r

o B | SR, BB RO i Enk SRR L e R e
dectompk essimmse foathastmsed ptesauire sapesdgetetectiby vaaionms ithidd sensed
according to a one of th recedj ng clains, where
Bt G eRbdssPasaRee e op SEShe HuCh P Siigs an
eY&RbtcliRtadnbsdRicPRLibAE network in response to the

sensed pressure waves further conprising: determning

whet her or not the sensed pressure waves exceed a

predet er j.ned st abl e er ati.ng, t hr eshol d, The t -
becor ding et i Erd B kP e RS sl L R A ftion
opeImadrhpigcdlRr @sdalitkd ssardutdodwidtionl | y adj ust ed based

upon at | east one of the current operating node,
current operating conditions and current operating

events ' [ i [ i-ne

net wor 'ﬁgﬂ<ﬁﬁﬁ%§%°§%lS?%k%%3§§¥g%?#%%?%gggégﬁﬁgﬁ%ﬁﬁ

t detephinélg the prestnworof a possite idsitaigliziag nednt in the@itinenetevork in
pressure ves within the pieﬁfine net.wor k at

pF @B@‘@Sért%tﬁ?egﬁm PAESBSVaNE FITHCE ARSI ne net wor k:

and d etd@t_re%fﬁih{égwﬁéiﬁerﬂ)rr %%ﬁzf' ﬁﬁzsg@eﬁﬁﬂ%\%&ﬂbl‘%ﬁsion characteristic is

destabil1zing "event in the pi [

Ine network in

r psporigellewing e deteriod of thesswintomansessddyprebstervavias.ng
whet her or not the sensed pressure waves exceed a
predet erm ned stabl e operating threshold, wherein the

4. The method according to claim 3, further comprising:
issuing an alarm indicating the presence of a leak when it is determined that

the subsequential decompression characteristic 1s present.

5. The method according to any one of the preceding claims, wherein
determining the presence of a possible destabilizing event in the pipeline network in
response to the sensed pressure waves further comprising:

determining whether or not the sensed pressure waves exceed a predetermined

stable operating threshold.
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predeterm ned stable operating threshold is

automati cal ly adjusted based upon at | east one of the
WOMYESB4020per ati ng node, current operating coRETtUS3p9/048831

and current operating events. 8. The nethod of

nmoni toring a pipeline network according to anyone of

the preceding clains, further conprising: determ ning

the certainty of the possible destabilizing event. 9.

The neth accordi ng to claim wher ei n_det er m ni

The coPt anay o SRS elRaGieRid STl e pritfh il e

| Bpdr theQAPIaié ﬁlﬁohﬁ@cdﬂl@taﬁjﬁeﬂﬂahéﬂm&ﬂh aBldasisohk I ehe current
destabilizing event based upon sensed pressure waves

WPP¢TalbREMEAC, FBIENTOPEEEAS SPHETIO AN SLHBRIOPSFENA LY FLS-
conditions. 10. The nethod of nonitoring a pipeline
network according to claim8 or claim9, further

conpri 3i N4 mefietesfatilngnamonit@ing o |@peitei negvdrkeo pfeat Bnamsible
and certainty of the possible destabilizing event. 11.
THeStHbHBE Cuaeoindhaigipelncctivorko COMPRYREr  conpri si ng:
Managi gohff%nIon Al }él%gsu?é wal & \WEhitk Fe ip@iTTETROsH

nonitoring a pipeline network accor g to anyone of
t peedptesnmdd hgpatidrasi wishin fthe pipeinegwtporksamly:  det er mi ni ng

the location.of the possi.ble st.abil.j.zi ng event in ..

Lhe pi BEETRBIIRBRRIRR of BSBoNTE dogHtifiGnE BpGL g tne pibetine
PLESYE B MY RSe toltBe sdfi8d PREQREwales BNt @mitifg & hether or not the
pi pel i ne network accordlngato claim12, further

c 6erped pieasyre gevesrexceatp pradettrarined splde ppergting thresheld, wherein the

of the prese and ..l ocati.on of the possihl

e AR ER TSGR G RR RaploBieBRRE Ao g yoon at eus

PoREbT e cHeEMDPKradaE elode N@irieat Gledtigkdnditiond &ddut@nt operating

wherein the sensing of pressure waves within the

pEp&IY-ne network occurs at periodic intervals, and

wherein determ ning the |ocation of the possible

destabilizing event in the pipeline network in

response Tie mhbthod efimeditqiess pipelinavesorkarpordgigrtg anyone of the
ich predeterm ned | ocati ons a sensed

i denti fyipg
pPESedipg CC@@% pidhes cpapgsige:

determining the certainty of the possible destabilizing event.

9. The method according to claim 8, wherein determining the certainty of the
possible destabilizing event includes comparing the determination of a possible
destabilizing event based upon sensed pressure waves with one or more sensed

pipeline network operating conditions.

10. The method of monitoring a pipeline network according to claim 8 or
claim 9, further comprising:
generating an alarm reporting the presence and certainty of the possible

destabilizing event.

11. The method according to claim 9, further comprising:

managing the generation of alarms.
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a first sensing tine; identifying which predeterm ned

| ocati ons the sensed pressure wave is sensed at a
WO8¥6158603ensi ng time; and determ ning the | ocXCTAH2HP/048831

possi bl e destabilizing event based upon the | ocation

of the sensed pressure wave at the first sensing tine

and the second sensing tine. 15. The nethod according

to anyone of the preceding clainms, further conprising:

i dentifyi a poteptial cause of the sensed..

dest abitt DB B AT B b RSl e SR A tine g pmyqpe of the

Cpﬁk&ﬂhggggﬁg@ﬁﬂkgbaﬂmﬁMﬁﬁiS usi ng an expert based

di agnostic subroutine with prior destabilizing events,

the cufeterpinggdhaidcagomeldhe pessithe destabaizingeveat ighg pipeline

t e ' L] In the pipeline

ng?mégﬁhgﬁgmgﬁg&gﬁk?%ﬁ?gg%%$%§?ﬁ§%évents in the

pi peline network. 16. The nmethod according to claim

15, further conprising:reporting the potential cause

of t he ldehisanetied phBPNitUIes Ripeite nepybTicpsEoEg AT 12,

agﬁ?&pg&grﬁgnglain1l5, further conprising: determning
at [east one Torrective nmeasure in response to the

sensed garesataly dni damgreporing at kast opeof tremiresgnest anlddasdtion of the
one qf reporti.ng the at | east one corrective nmeasure

t 8O% 166@3%?%?“%?w?ﬁe pi pel i ne network and

automatically executing the at | east one corrective
measure. 18. A nmethod of managi ng thewagneration of

al ar s 1#oFhepostpdh bEmdaiserals 4 pipeling wheetkscrordmgdp skiimde or

net wor.k, conpr.i sing; sensing one or.nor ressu

o8 AR hE gt MR %R iR e BT R Higor occurs at
| peaédi@nservhisind t he pipeline network; automatically

adjusting a predeterm ned stabl e operating_ threshold

for thavhsioyefistaranin@edpt locaiton ¢fdhppessibledarfattigping cvent in the

I ] t at ,hg

R ihe RS cHRAR B SASkd RER WhilE BRPHERE:

condi t idendfiiifg tvhehpirgietdrménaddbsunivks apghsedipresduie wave is sensed at
operating events in the pipeline network; determ ning

t B SERBMEBMSF a possi bl e destabilizing event in the

pi pel i Mfentifying which predetermined locations the sensed pressure wave is sensed
at a second sensing time; and
determining the location of a possible destabilizing event based upon the
location of the sensed pressure wave at the first sensing time and the second sensing

time.

15. The method according to anyone of the preceding claims, further
comprising:

identifying a potential cause of the sensed destabilizing event by comparing
the character of the current destabilizing events using an expert based diagnostic
subroutine with prior destabilizing events, the current operating mode of the pipeline
network, the current operating conditions in the pipeline network and the current

operating events in the pipeline network.
16. The method according to claim 15, further comprising:
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networ k by determ ning whet her or not the sensed

pressure waves exceed the adjusted predeterm ned
WO0158603per at i ng t hreshol d; and generati ng aRCa{EHR2PA/048831

i ndicating the possible presence of a destabili zing

event when the sensed pressure waves exceed the

adj usted predeterm ned stabl e operating threshold. 19.

The nmet hod according to claim18, wherein deternining

the presence of ossi bl e .dest abiljzing event in the
pi pel i FPORBEABY ROERO sabsitd 1 el aRBal st 1
waves further includes detecting variations in the

sensed gressure waves, and determ ni ng whet her or not
the deflécthemethed agdorting jcdaias | vk spmprsisgandar d

devi at i ; q ' . '
wher oi HoPiate L Rl GARESRALIR h 3B BTl it sensed
edpitabiiahg yvehetaadm ned standard deviation.21. The
met hod according to clajm 18, i n generating an

er
al arm P?Fé‘?l.@gflg Al @n%%@pgqtlgg eegi?%bor@f cogrectlx.ze measure to an
g lsg&%& bfaﬂeg,?pe%sﬂ twoklE sﬁk%u[t&ﬁgﬂ@aam QO BAD A8 G

rmindi cating the possible presénce o
destrativk ngiangeevent when t he sensed pressure waves
exceed the adjusted predeterm ned stable operating
threshold and the detected variati on exceeds the

accept ed. & LANRY & BRI RO geRAatiohdE aBL R PAGHIIE ddifbilizing
§

to claim 18, wherein determning the presence of a
posgithing pipdingbichwarkneprewssiitz: i n t he pi pel i ne network

N response &2 e 2 SASEd. LSSl An IRV SReIldir ek o

conpr i ?ﬁgg(agterﬁ%%Pnélhﬁetﬁ%r or ‘not’ 8 subsequen%ia
derRpRIARSH MratGharakigthspibelidcneprasent fol | owing the
detection of the variation in sensed pressure waves.

23. Theuwmatienlyzdtetias agredsteamiicmsble epseytivgihreshold for the
g o coY TS bl

ORISR LGP ST SR 0y 000U RLRE RO B

i og¢radhg mgdé bEthppgsdine actoforla cheralkt opheuting tomnditions in the pipeline
determ ned that the subsequential deconpression

c R&ivaek aRq eirFeit PRETRinEsQTRLS 1B I PLPSME T Er  noni t or i ng

a pi pel gl Dobditic RERSLi iR e BEIMWR #he pipeli
havi ngdgﬂgfﬁ?@gg’% fﬁs?%,o a ol AR By, at least
onetwairk by deterrsiagreenictioaon @ot tho gertshe pfessust whaes dxicead thaddjusted

the second facjlity such that the fluid can flow

pBSERT IR SEPleref Bey ol and e second faci i ty,

and at gbeastngORe RUIRURALISE HeldRsible PRAEGARDb ik @Biliding cvent
when the sensed pressure waves exceed the adjusted predetermined stable operating

threshold.

19. The method according to claim 18, wherein determining the presence of a
possible destabilizing event in the pipeline network in response to the sensed pressure
waves further includes detecting variations in the sensed pressure waves, and
determining whether or not the detected variation exceeds an accepted standard

deviation.

20. The method according to claim 19, wherein the accepted standard

deviation is an empirically determined standard deviation.
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| east one pipeline segnent, whereby fluid flow ng
through the at | east one pipeline segnment flows
WO\ 8102t he at | east one punpi ng station, th&CIHSLY048831

conprising: a plurality of pressure sensing devices

for sensing the presence of one or nore pressure waves

within the pipeline network; a plurality of renote

noni toring devices operatively connected to the first

facility, the second facility and the at | east one

punpi ng station, wherein the renote nmonitoring devices

noni t op] e Mees@LiPRIIRE td d18inPi NeltcRén Reiine @ndarm indicating

col l ect operating data of the plfellne net wor k, )

wHsrnsissiblsaesente elttedostabiliging oy e fupherccompaisBig asnegting an alarm

devi | - l.ve &

- DYAGERE B R BRT bt RRDAGAETCR Ghor GBSt O frossure

opared dxeeddythe adjnsed eetderiimed plablealpetaying threewid and the detected

noniitoring devices for nmopitoring the operation of the

pivﬁréqqoﬁé’xﬁ%qd\?\ﬁ?%cﬁ%%s%%gﬁi g‘?"gﬁ%ﬂns received fromthe

plurality of renpte nonitoring devices, wherein the

control unit detects the presence of possible

dest abR2li Thagictodricsoridimgtth elaph g8l Wwheremeatewomimihy the presence of a

determ ni ng.whet her or not variatiqgns in the sensed

pPesls dexjibiliane fenp ubE RipeliindathBregionipp hnaensed pressure

Vanié! fupfesngRimgan accepted standard deviation. 25.

A pipeline network for transporting fluids, o

conpr i detagningngwhatherfoaopt 4 supscquened shsconpiehdi¢n ghargpteristic is

| east i pel i £ t connecting the first

r BERpreg ol the SesB T s RS Bl bt o

can flow between the first facility and the second

facilitg; at | east one punping station connected to ., . .

the at 2Pebkamethed prqoading & daighdhtwhaspia gepsyating angplarm indicating

f X B8] dREra S ROTR Barm indicati

bl SR & sl ey BREPARE AR Aty indicating

Mol firedenogo By khlemhEwit isrdetbindnédithat the sapeqantiondeodbmptession

pi pel i ne network, wherein the nonitoring system

c@ﬁ%?@%?ﬂ@ﬁS@ﬁWQMfﬂity of pressure sensing devices

for sensing the presence of one or nore pressure waves

within the pipeline network; a plurality of renote

nmoni t 02#n4 sgewindesmopiaralg asbslincorteakedherointthe pipiclist network

facilit the .second facility and the at |east one .

pﬁ?‘?ﬁpﬁ éyfgft ?(?IBW’, a \%ﬂ:&“g ?q,?lletﬁee}/tll one plpealme ségment connecting the
first facility and the second facility such that the fluid can flow between the first
facility and the second facility, and at least one pumping station connected to the at
least one pipeline segment, whereby fluid flowing through the at least one pipeline
segment flows through the at least one pumping station, the system comprising:

a plurality of pressure sensing devices for sensing the presence of one or more
pressure waves within the pipeline network;

a plurality of remote monitoring devices operatively connected to the first
facility, the second facility and the at least one pumping station, wherein the remote
monitoring devices monitor the operation of the pipeline network and collect
operating data of the pipeline network, wherein each of the plurality of pressure
sensing devices being operatively connected to at least one remote monitoring device;

and

-58 -



nmoni toring devices nonitor the operation of the

pi pel i ne network and col |l ect operating data of the
WOROWEISB498 net wor k, wherein each of the pl ural PC/UR009/048831

pressure sensing devices being operatively connected

to at | east one renote nonitoring device; and a

control unit operatively connected to the plurality of

renote nonitoring devices for controlling the

operation of the pipeline ne rk based upaon sijgnal.s .
N T R e S b et
dewie&Yor MbEHAIMY thh8p&andd of the pipkliseh@Gbik bied PpassHtts
of possi ble destabilizing events in the pipeline

n&gogbyed fiomn the phuplily of seragfe MRHEEHAZ AP EEsyYBCTRENBE CRRED ynit
u i ni t . . of . (1) er:

BB B AL bR E Iy R0 by
exdeeatliningnwiagioe P adt wiranoey id thkesinadd @ossufd wivestaet fresent and
or not a subsequential deconpression characteristic

i SheBseat NGt H GiRIRHED EHECdretiercrRd &meaﬁi A&t i on i n
sensed pressure waves, and (iii) whether or not the
sensed pressure waves exceed a predeterm ned stable

oper at 2HigA piyretishoéterorinfoe trensoetiny Bdds, eompriedgst abl e
operatiqﬁ threshol d i s adjusted based upon at | east

one of 3RY 24 ¥ent operating node, current operating
condi t LQR®nAMELikY! rent operating events. 26. The
system or network according to claim24 or claim 25,

wher ei at el openipebine saginenieenrine¢tow] thy fieke fasility ned thetpecond
accept ed st andard. deviatipn. 27 e 1
agaccglﬁ isH%h {h%t tgﬁ fluid can . egc}w il télg-E{%sgt f‘%%,ﬁ{y Va?d(%ﬁe &%{)%‘@ falélhty,

y ohe O ereln

cont r okt leiNtloné Eﬁ&b@g sE@ibe ohMREdlH Ehett ESENGR Mifclie segment,
possi bl e destabilizing event by determ ning whether or

natherahs it Bevingriaoyeh thoghlest enegirading sprradid flomitheggh the at
Sﬁ&QhﬁFﬁgﬁﬁ%&%ﬁg?ﬁgaﬁfh0|d' 28. The system or network

accor wherein the control unit

adj ust a nidmétoping dedtan fibvrmachigiralg|tike omestai afghd pipelsivaletiwork,
in response to at | east one of the operating node,

c WheEsHt thePReMIorIng SESFBICPTBHENEnd current operati ng

g]\‘/ e Qlt Z a #g@ralit;hﬁ pgésé':%'tir@ Rn g RVRRE ForREHRE HinB %lrés@nc%r&f o8 8r more

24°to erein each of the at '| east one
ppresurg wevet wohinithepipdes metworkp, wherein the plurality
of press? sin&@devLces i Si

re.se onprising. a pair  of
or essuf & Bl ahgeis TR oTER d5Es TRy CRlcto the firs
WRRS By Nth@ sédoh 8 tact B Sin B ¢h O VS Eorf pulnkiin @ @htior fwhiRf @S Bélrémote
sensi ng devices is |ocated o
monitoring devices monitor the operation of the pipeline network and collect
operating data of the pipeline network, wherein each of the plurality of pressure
sensing devices being operatively connected to at least one remote monitoring device;
and
a control unit operatively connected to the plurality of remote monitoring
devices for controlling the operation of the pipeline network based upon signals
received from the plurality of remote monitoring devices, wherein the control unit
detects the presence of possible destabilizing events in the pipeline network in
response to the sensed pressure waves based upon determining at least one of (i)

whether or not detected variations in the sensed pressure waves exceeds an accepted

standard deviation, (ii) whether or not a subsequential decompression characteristic 1s
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on one side of the punp in the at |east one pipeline
segnment and a second sensing device of the pair of
WORPREIS8t02 sensi ng devices is | ocated on an opB&3US@003{048831
the punp in the at | east one pipeline segnent, and
wherei n each pressure sensing device being capabl e of
sensing one or nore pressure waves wWithin the pipeline
networ k. 30. The system or network according to claim

29 rein the ntrol .ynit .determnes the certainty, ...
obieeit Tpfielnk A L AT Mol BGUR S aimSne i Bhnd i
deheihet faddt e Rhscd ROS GBS c6lesdecdl b praRéritRbstabas@@rating
upon sensed pressure waves W t hone or nore sensed

piipethokk whetaibe Rregperaie gtablsrartating shreweikly agipsicp dascd upon
plur.ali r ' ' ' . :

A B S R
woptretinz @aats. of the at | east one punping station

i ncludes a punp, wherein the plurality of pressure
sensi ng devices conprising: a pair of pressure sensing
devi cesqf-py %@%&&Hﬁm&ﬂ L@ Mo cMNBPEIOR cRirh 05 Shherein th
sensing6de61 e of the paﬁr o?n%r%gsure geﬁsfng Uev?%%% ¢
i sontad ahegdmpiricaty dsicdeino$ thehecqptedpstandatchdevattioneast one

pi pel i ne segnent and a second sensing device of the

pair of pressure sensing devices is |ocated on an

opposi e ghe (&R BRethvBrit NRoRfingd B2 0ABBF PR 2@ 26, wherein
segnent, and Wherein each pressure Sensing device

béicrmgntrabait Rirtber dasergiimey thnpresancerof @ ppsséds destabiéaregevent by
wi,t hin. the pipeline network. 32 The syste r
RO B RSB MR midien A Y g AR s

| Bpérdd@Sthdeshe@l time optim zer, wherein the real tine
opti m zer determ nes the presence of a destabilizing
event in the pipeline network based upon the sensed

ressu . i ‘
Py one 281 1Y Sert JundBBaCHEbEMPl AR KABREPIA! Bk
i dejobs tlicgsred@oradnal statdaspiresng thrdskaldan essponse oo nidesst bheof the

possi bl e destabilizing event .in response to the
dEPUPHRHAOAS I UTRROPSTAIHE SPI HORAIILHTPREANGEIEG ENENTS.

exi sts. 34. The system or network according to claim

33, wherein the control unit perforns at |east one of

r epor t 2AgTidwysteenedicavonipasudeg to enyaanoperzms 2466 28 heherein

piegﬁll oifn[ﬁe at least one pumping station includes a pump, wherein the plurality of

pressure sensing devices comprising:

a pair of pressure sensing devices for each pumping station,

wherein a first sensing device of the pair of pressure sensing devices is located
on one side of the pump in the at least one pipeline segment and a second sensing
device of the pair of pressure sensing devices is located on an opposite of the pump in
the at least one pipeline segment, and

wherein each pressure sensing device being capable of sensing one or more

pressure waves within the pipeline network.
30. The system or network according to claim 29, wherein the control unit

determines the certainty of the possible destabilized event by comparing the

determination of a possible destabilized event based upon sensed pressure waves with
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network and automatically executing the renedi al

nmeasures. 35. The system or network according to
WOZAYPI58603f cl ai ns 24- 34, wherein the control &&T{US2009/048831

further diagnoses a potential cause of the sensed

destabilizing event by conparing the character of the

sensed destabilizing event using an expert based

di agnostic subroutine with at |east one of prior

destabi lizing events, the currentoperatin e .of ‘th

P Ber R aP IR pele(iFy BB FRE R ST T gt el of

t Rendit BRnitbEngeéMESsk and the current operating events

in the pipeline network. 36. The system or network

according to anyone of clains 24-35, further

conpri s ng: east L Spi ' )

to T he ot Sl g Al Ao RREELr KL £PI03AARN cach

desthalk |dagtiong pumpitigsypdtmdacladestanaingt, wheasi thepdudligpifayessure

37. The system or network according to anyone of

c PHISHIE deALC8BCOmMMEY ™Y n the control unit includes a rea

time optl M.t efesapd sédgﬁlgra%@lc& fdi‘%a@ﬂ#tﬁﬂiﬁ%ﬁtag%,er m nes

whet her “or not variations in the sensed pressure waves

are pr ederty a file s@ismgt desice @d thet pameofpesswic sensifgidaviiess is located

det erm nes_.whet her. or not the variation exceeds a .

288 6Bt S4° OF Uy 18ds AlrstonearPe PRI et ioPRsine

ageAEdble hOir 6F flcRudd sendig el ded 13 odakdl ont dnr@tp@md $HEpump in

determ nes the certainty of the possible destabilizing

etherat Idayt awmppalinagegmentdader mi nati on of a possible

dest abi i zj.n vent hased upon sensed pr.e e.

wi th ol RSOSSN s B GBI heriintyS o more

cpRdire Qasesesiadhdyiptie kel ity of renote

nmoni t ori ng devi ces. 59. The pi peline network according

to claim 37, wherein each of the at |east one punping

station, i el 4aeH & 0B A0SR o L BY U ALk idn@bontrol unit

pressure sensing devices conprising: a palr of

piebsits @ reg nisicngptidexdirceberborthe emhtipi wptimizes teteimings the

wher ei n first. sensing.device of the ir of pressure

s BFSPIG e ienailiziee e i dhegipdie neesk 3956@%?% thepensed

t@gmghek%gg_ one pipeline segnent and a second sensing

device of the pair of pressure sensing devices is

| ocated on an opposite of the punp in the at | east one

pi pel i egnent , wherein each pressure .sensi evj ce.

bei ng 531)@1?)6] %’S%fn %ré(}?gxleg'r a8ﬁ0ér8161|gq%p§éone of claims 549-39, whéiSin the
control unit identifies remedial measures to isolate or correct the possible
destabilizing event in response to the determination that a possible destabilizing event

exists.

34. The system or network according to claim 33, wherein the control unit
performs at least one of reporting the remedial measures to an operator of the pipeline

network and automatically executing the remedial measures.

35. The system or network according to anyone of claims 24-34, wherein the
control unit further diagnoses a potential cause of the sensed destabilizing event by
comparing the character of the sensed destabilizing event using an expert based

diagnostic subroutine with at least one of prior destabilizing events, the current
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pressure waves within the pipeline network, wherein the
real tinme optim zer determ nes the |ocation of a

WORBY 15842 zi ng event in the pipeline network B&TEH2AIGA8831
the location of the pressure sensing devices that
sensed a pressure wave.

operating mode of the pipeline network, the current operating conditions in the

pipeline network and the current operating events in the pipeline network.

36. The system or network according to anyone of claims 24-35, further
comprising:
at least one display operatively connected to the control unit, wherein the

presence of a destabilizing is displayed on the at least one display

37. The system or network according to anyone of claims 24-36, wherein the
control unit includes a real time optimizer and the real time optimizer determines
whether or not variations in the sensed pressure waves are present, wherein the real
time optimizer further determines whether or not the variation exceeds an accepted

standard deviation.

38. The pipeline network according to claim 37, wherein the real time
optimizer determines the certainty of the possible destabilizing event by comparing
the determination of a possible destabilizing event based upon sensed pressure waves
with one or more sensed pipeline network operating conditions sensed by the plurality

of remote monitoring devices.

39. The pipeline network according to claim 37, wherein each of the at least
one pumping station includes a pump, wherein the plurality of pressure sensing
devices comprising:

a pair of pressure sensing devices for each pumping station,

wherein a first sensing device of the pair of pressure sensing devices is located
on one side of the pump in the at least one pipeline segment and a second sensing
device of the pair of pressure sensing devices is located on an opposite of the pump in
the at least one pipeline segment,

wherein each pressure sensing device being capable of sensing one or more

pressure waves within the pipeline network,
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wherein the real time optimizer determines the location of a destabilizing
event in the pipeline network based upon the location of the pressure sensing devices

that sensed a pressure wave.
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