A METHOD AND APPARATUS FOR REAL TIME ENHANCING OF THE OPERATION OF A FLUID
TRANSPOI%JQDZI OE%%?ZHGM of the Inve_ntio_n [0001]Tr_1e present inventio&&@%&gﬂgé’g}ﬁthod and
system for enhancing the operation of a pipeline. In particular, the present invention is directed to a
real time method and a dynamic, logic-based system for monitoring the operation of a pipeline
network, generating alarms in response to differing levels of destabilized pipeline operations and
managing the operation of the pipeline in response to the same. In particular, the present invention
relates to a method and a dynamic behavior based system for the monitoring of a pipeline, and the

detection and reportih gV ETEIADEIAPRARNG Y ERR REAHNGIME EHAMNEING SUsIBR pipeline
rupture events based upon sensed hydraulic reactions within the pipeli etwork. The present
invention also relates to a met H%%%Ffércﬁo%{% Wgﬁéﬁgﬁ%'ﬁq\? arms in response to
sensed destabilizing events. The present invention also relates to a system for maintaining the stable

operation of the Eipeline, monitoring potential destabilizing events and pinpointing the location of the
same in order to i dial measures to avoid or prevent a catastrophic destabilized
event (e.g., leak [ggpiyre or equirpestirilbvenbheduiesastdventan /sy Riates: ithpamatadand
system for diagnosing destabilizing events. Back2round of the Invention, [OOOZ%Pipelines re used to

efficiently transpBPCHRIATEBhTIBRIEE frdMPaHE IO RAIBR RoCSFtHArRHAN 4o Hucaisd LR 4 f3hg dRstances.
Pipelines arc typigaihoinaniter@shanet copiebasktbsgpsuieshenbirgfity ohéhg gipadinef Tppiginermally
accomplished from a central control center where equipment. settings and measured parameters arc
monitored and caﬁmﬂféd.5?88%%%&@?%1‘@&8@89%é%s%%ﬁﬂ%ﬁ%‘?@spﬁgﬁﬁ%%@,zgd:rﬁ]@ﬁ%ﬁ/ flow
rate and pressurgpdrhifofROMitPrNG £lenents opeealioulatingdhsprlass iaf thpcanteattoftiacpipe (fluid),
and observing over a period of time whether the contents of the pipe changes in annerbindi ative of
fluid leaving the BB %N rﬁéeégméa‘i%‘&%‘ffbﬁ??ﬂﬁé%gm At ?%Riﬁl{ﬂ %¥1me.a§ﬁ effect
of a leak on the mgastradrpaiamateisoeing thgs Drpipeliaalcutetethmakgwetiibidanithipsiengipefis
mathematically relataple to the mass of fluid whijch. is leaving the pipe throu ?)the.ru ture. Using
existing method< SXAVE AT RS HHN? 1Y et Hqﬁlgeﬁéﬂv'é% F?%éﬂo%?% k?n?épé)%%lﬂﬁ%'fﬁres,
however, if at alldeiectdhied reguirestongérpaindi ofdionie adckimlaiepipelimecassasykvoldinetric
discrepancies to indicate excessive system measurement imbalance, which may result in a greater
amount of fluid Ié’éﬂ?ﬁﬁt%W@f}}%?eyrﬁﬁ%%@gﬁﬁ%ﬁB%@yéﬁ%rg%ﬂéoﬁ]ﬂtqrﬁé%ﬁ%y%‘féWg&lgﬁend ona
balancing algorithiriie detenponedftd uichis dedasnyitixngipetng atlfae preseetéiechidoatit teldeiermine
if there is a rupture. As ma gje ap reciatec{ thes&grior art Sﬁ/ss}erﬁs re rire that a sufﬁcie?t olume of
fluid has left the [SigeRMERSoMHATRE LD SRS QRESLHER OF t %95’% ure CARP6REUE PRIEEEN result
in a significant edviabitiginial doypactindthemreatsgrcundingtioe nptice asinfareotizk measuament
systems are commgaonplace and.relatively lethargic with respect to hydraulic wayespeeds and the
ensuing segmen%@%%ghlﬁrnelgg%elngl ﬁ?ﬁﬁ%ﬁlro][% %rﬁlf)\lt% r%re?/re%%n 1|;nac (%{g%sgro (ienscsé?%%e%lﬁ%?a%ﬁ:m
networks. 10003{€alcwatingditarmasscqliip@aonteihiscn thghpipeismuijeaitiomdsy ivhteunacies (e.g.,
errors in measurement, of t(?e massfof he fluid erategir%%and Ieavinsg the pipe, inaccurate knowledge of
the changes in tﬁgegh%%la %5%8 Withi %H%Sbl}ﬁe GuE 62‘[1(1311%5\(3?%]re fluctuations in the pipeline walls
and the minimal Baokdedarddthkedsivatidmperatures and pressures within the pipeline, transducer

calibration and/O[(ﬁ)%%lguratIOIi)&)%liEggstna%g%}sed to efficiently transport fluid commodities from one

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



[0004]The approximate location of a piping rupture can be determined using existing methods for large

ruptures byWEﬂM/E‘%& I effects of the rupture on the flow rate and pressggﬁhg}%%i)g%ﬂhere

measurements are avalpable. Locating the rupture under existing methods is subject to several
possible inaccuracies related to 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 inferentaiREX Mg ih§ralfsmaticeie febabiadwhnimathh S g rietimibht
operation thus dpgradinguieningeigsting cepabilitiesinWVia-2R00/ 168R0RBRIASR00OR4EE3L in
[0005]There is a need for a system and method to rapidly detect and accurately predict the location of
a destabilizing eVRALNEY 5*‘(9@“%@@&/\%@@&@@%@9@% ?é"c?YSrdbf\C/@ﬁb gﬁ T3 more

effective in identibrigerrpetises dramthose desehibedeabnyedouisiiosesyatems anyrigantfyslasks and
ruptures and not destabilizing events. These destabilizing events may pot be a leak or rupture, but
impact the operdﬂgﬁﬁf’tﬁécﬁﬁ:?é‘fﬁ]éysltﬁ@séng?f%%‘?ﬂ%e}lﬁd\vg@@]@ﬂcc?om’gé?g %Wsé@ﬁ%nﬂitﬂ)r%%?ﬁ

pre-identified stofe@igak prfilescdinsaisystems dtecnpiiaetifysunsialdnoperatinnsdiat arRgpot leaks
or ruptures, the locations, of these unstable operatiops or the source(s) of concern. These systems arc
not dynamic, as %%@%eggﬁ@&%?%lﬁ&gaﬁgaﬂéﬂg}ﬁéﬁﬁ%% tﬁﬂiﬁﬁ% AN LR S eration

of a pipeline netwosk iahaeroetvdicative afttheipreiomes: af a lepkues. a Aypiae bIOARERIGREtent No.
5,361,622 to Wal| discloses a device and method for the detection of | ?rs(irl]ﬁa T elti e.Wall. utilizes a
transducer for mEKSE AN FEfaNEIRRS US PIBEITIA dr SULUFE VAR U5 'O Mipute (0 EBMRBAPE rates
of change of the fieaghred pipasUredbALIAERSSIVE praselegied@oshlixecitimediintanvalsult isolated
nodes. The computer compares the measured rate of change with a preselected total change in a
Sesreis s Sliitled

specified charact ARt RaY OB HAH SRS B 406 BEFH AR T SXCERYES AR
maximum total chragacaR@laystisisiggeresnmbbepling thedeskithilily ofethtegl owitiptirgethese

maximums, however, do not vary oy adjyst for variations in the pipeline operation. Il does not aid in
the determining %ﬁf@)@éﬁ&%ﬁﬁ%ﬁ%aﬂﬁgﬁ?ﬁ W&%%%ﬁ}&%%g&%g?ﬁ?ﬁ%%{g %%%tcfl\%{c% WEPBEvides
for local or isolateg:afsdly sissatigetestinaidtsithilidhetpipdlsne. Wall does not corroborate these
changes with an ges occurring at other nodes..This lack of corroboration leads to a greater
potential for falsi‘&@?&s. [OOO%J?L ggemq\l%l.a%%%%f 5% Eﬁtél}st?é? ARfistiose egtrﬁoet 50°and an
apparatus for deigatingaaieaiecpfi@ntcaus ety tbeonsdttht ikaksddrtbthtuitransient everitsiing

pipeline. Walters seeks ta detecttai%i%piflc nt waye front traveliﬂ%inhthe g'gh noiseiﬁlnl\lli nmlegt
characteristic of B@}R%’sl,ngﬁﬁuﬂ%g AEP asir& i %l?%%tu PR tndPef armval WaIR S

r
discloses detectiggeaovaveptamniia dicetive afaitr ansigipt Bue O bcuarndng dmarmpipalikedwl cdgasdiring a

characteristic relgted to pressure of a fluid in the pipeline with a measuring device positioned at a
given point on th %iﬁ‘é%ﬂ%,%ﬁﬁ’%ﬁ% 1[Jet%inaél % i e ﬁF%ethtéaﬁlrsgggl%e.C%éa o

rpgl%sgungSn § proportigera
and/or configuration correctness).

[0004] The approximate location of a piping rupture can be determined using
existing methods for large ruptures by examining the effects of the rupture on the flow
rate and pressure at locations where measurements are available. Locating the rupture
under existing methods is subject to several possible inaccuracies related to
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.



detection of the wave front arrival time may be used directly to sound an alarm. The amplitude may be
u§ed to find%émg%@o nd/or size of the .Ieal.<. Walte_zrs, however, does no%?ﬁ%@%d;}ﬁfs%lfor
discounting (1) external influences on the pipeline, which may produce wave fronts but are not leaks or
(i) internal influences such as changes in the viscosity or strip operations within the pipeline, which
again may produce wave fronts but are not leaks. The model employed in Walters is a fixed model. It
does not adjust or learn based upon varying pipeline operations and external influences; rather, it
relies upon a fixed reference event to determine leaks. Accor%%ﬂly, the gystem disclosed by Walters

may be prone tof88lleak indiiBNS. BuPERSride? WATERS Mskdnsthndalturamidhts Statnd8during

affixed time windR\anel fesINREtosHIR LEYEIIS IhALANE e Stakt id W ippane: Witdow amtieng during
another window. Accordingl%, the system may fail to detect a tegk nor does itgttempt to identify or

diagnose destabii2ingt R el e YaloRL BRRt AL s SHEEHXS P S HASIHBIHE H R ork's

efficiency of opetagian qssafRty ab0OSHISIRae Ry e b 42§, I8hiTdecdeselrd digelpsesiaimethod and
an apparatus for detecting and characterizing a leak using a pressure transiint Jerde provides a

plurality of presstFeRBHitesiry Qo e MG RPN RADRA i sak FsHBI &b other,
ghe Sta}tionshge;]i@ﬁpﬁetaﬂl@rﬂ%@a@m 810 Jﬂe% Wl}ﬁlﬂi@eﬂreﬂfw@ wakarisonbisdletectepihe m;@m c;]an
etermine whether the arrival time signals from t urality of monitoring stations, correspond. to the

same event. [OO@@W%“F"&té’YH}NB?eGI,%g} 84 é'i?(ﬁe@gﬁéét@’r)‘/hg{f’d: 6, %gfﬁsﬁ“@?ﬁ fé)o\f%gl%%]lf&isclose
an acoustic baseggagtioghendieppaiatusdoicelettingranthioestingdldakstiong pipeline. Yangldilizes a
system for detecting leaks using the ac US:EC signal generated from a Ieagevent in a pipeline. The
system requires PRE BRGNS giﬁ%‘ﬂ@ﬁ‘g?o)s? AAFEEp el ahS SES LB SRRt Wﬁﬁfeﬂstépﬂﬁb P¥line at
selected locationg:stsmgdernonaiequtittay issied 1 wiveadbisaglasin rateopaehiivpraie pgatilecation

accuracy by comparing acoustic waves generated by a leak with stored previously recorded signature
leak profiles. Yaﬁﬁtmﬂ%égaé %F&BO&E&%B%W&%?A%%B ?F@%G@r?illvatigéfn?foalﬁﬁﬂ%'ér?ocation of the leak. The
system listens foyogoeystic wavssRatelatSisniigovisethey Watiodisclesdsis gresenindammhalidperating
events (such as pump, start ups, etc.) and isol?ted ev% (suqh as a pieceé)f equjpment hittin\% the
pipeline) may gener&teBn Uedbidtit dyrit BRTPSvels HHOuHAE pibelTAR B Fot Y prRsdtit Bave
characteristic of mieakafsosuphpdie: Yangsystevalisutiidres proom patissisingfpse adarms (AOIGIUS
Patent No. 6,970,308 to Abhulirﬁmen et al discloses a.method {ortdi?tec 'nﬂ ara:tloc in tIea S inta
pipeline network$h FB8I SR 355%8\/\?%%{?&%3’?0%%%?&? edtfow Hehaliby g a

avior for at least'one of
steady and unsteadytsiatesd awhicTicorcespancingoia@ncabgencecandal presencedhmedelithaks in the

pipeline network. A deterministjc model. is provi tq evaluate at least ong of.a leak status and a no
leak status reIatiH&?S?%gr%fﬁéﬁan%n%%&ﬁ ﬁ%?ﬁg%%t ?‘ﬁ?ﬁjfgfllé ¢t é?%t fb‘b‘ifel]%es%ﬁﬁ?ig}egrs%l g@%tems
are not proactiversysi€rolsgngehercdbdsehsystapiscaré neadtivernaatuiemnetying apon ¢omigaasons to
historical data or.E ed?temt}ilned m etled ¥eSL[|It in order to deltﬁrmine vvihether %ron%t g\rle(%k isotpresent.
These prior art si/ bcl%énéssgnﬂ%“fﬁ} Testtto %heeaorigﬁnléulptW&ho & 5er8ath a&tection of a pcIJ]tentiaI
leak. The threshelds afrpithnsrifolo viotatbecaln themsiphlésinpealtiime W/ tdkddatoratcaidntondrenal

changes in pipelfs RIS e diceetilds s asnerall bigh wich aveflook shanass, gy o small

. mi on o .
leaks. These priorar sys{l(,gms dé fot rely upon present Blpeeflne actl in order to determine the
presence of a leakKail puptides fvhickhanayisetiteafuntyrds accidechpoido wehiipehompdarcobdatihg steps
to confirm a destgbilizeq eggr}ﬁ, na%re cggethe%glilagglosi tge S¢ urltl:eegfo tchc% rcerSt%?%{[&gne\ﬁ%Qt (xle g
process error, eqtﬂf)smneontcma Unétion)fhese ys%ms 4% RO ESRENGGUS adjus detection thresholds
to account for théavkridesmaronatiopérating madesoppipeirdardblerkbringile it is desirable to
maintain a stabl ure and staple flow th iReline network, changes in pressure and flow
are common dugﬁ){@znges ii@i@%&%ﬁ%\?tégi\%;?‘(%itﬁlﬁgéq?&%g@h%ﬁg Y the r%%v%ﬁ?%%ﬁ%ment
malfunction, etc.appesgugrior aktsystgnasvarecnvdcapalsial dfyadoo onsistopfoletio se wahiativassianpipeline
acthvity. As such dhese Brio arh systams may dengrate a sionfiesnt U ef Alansinglicetind a
potential leak. Each of thes Bfarms requires some form of action By a pipeline operator.”There is a
need for a dynanhighogidsbasedeystent ttatrageuisateyfrgspdnus. tatdetvargiugaspe ratagueonditions
present in a pipeling astwork,wnile ¢ é‘&ﬁ‘éf‘@%ﬁ”&%&@@lc@s‘% tahlizing S\é%bté f%‘ﬂ’c‘%ﬁ%d?@‘é%ﬁ#d .
ruptures while mlnn*%lzmg false alarm ‘events. urﬁ1ermore, there Is a’need for a system that e ectively
manages the gemeration afivatdrmsciBungmaryaopipelimevdntioncasuring 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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[0012]It is an aspect of the present invention to provide a method and dynamic system of monitoring a
pipeline net 5&&)9&%@ possible destabilizing events in the pipeline netvgg%&%&gg&ggt invention
is intended for use In various pipeline networks and is not intended to be limited to those networks
used for transporting oil, liquefied natural gas, gas or products derived from the same. The method
and associated system are contemplated for use in pipeline networks including but not limited to
networks interconnecting one or more of the following: refineries, petrochemical production facilities,
pumping stations, storage facilities, distribution terminals, drilling stations, off-shore terminals and

off-shore drilling FHESEARSTIIS BaMtclimmbisd e Hesent bt Wﬁﬁgkﬁpﬁ%%ﬁqr?léﬂ?e ffonment
where a liquid oraathefilidichis thanseeried virRinetngotead/ viaibt GsHibudian system, iapdepeacessing
facilities, etc). [0013]The method according to an aspect of the present invention may.include sensing
one or more preS8Grd IRy Rmsars B RRUREREJIK %fitﬁ?é%féfgiﬁ%“é’d RBERORD BT bipeline
network, and detgppipioguheRieserees it pessibirdestabilizingevenfindhe:pineiing rebkgek in
response to the sensed, pressure waves. The desteilbilizing events can vary from a leak or rupture of
the pipeline to a FoHpBIEAtFRRIITHR SRS Hlrnsgt QWB%@&I\Y@W&E@P&B@I HQBGiBi¥Eht
related to the opeaksafion@fdRapineling) ThamsdeEsa it psd Whinhlpayi atifitdteshédAn BRBERIAsETOr
(e.g., set point misplacement of a control valve or variable frequency drive adjustment) or misoperation
of the pipeline. ﬁ?étﬁégfalsﬂméwﬁemgmM\?&pﬁﬁ@laﬁgg%%f@f%ﬂé@ﬂw ROt A
rupture having the highespave! ffsevefiivhNanethaleskieathdralabiliziogrliephrehigstsame level
of attention. If a low |eve| destabilizing event continues withoyt implementing remedial ures
steps, the efficieé)’tSBi?éFéiti%}ﬁ W%H%%i‘ﬁ@ﬁr‘:@erﬁ@lﬁéq ?}é%ljé’a?(r fAHG agﬁﬁénﬁtﬁﬁ??%rﬁ@éegperaﬂon
(e.q., insufficientifuid feeckivadpieatinebaunyd, fress Wiivddhinthe pigsling dsdes highicconmpdnent
failure, etc.) By implemeﬁrpégng correctivegneasures to stapilize th(ﬁI de&tat}#)ilizing eveﬁﬁg, potential
ruptures and leaR¥%kh B braEnted St ABIE8 paPStio T MaiktAIn 4 Ce MM AP BN is
returned, damaga deoedidigment isypteventad fatidpihativedileataybacexténdeaednihroidbntefiustions in
strain, fatigue and wear on the pipeline). [0014]in accordance with an aspect qf the present invention,
the sensing of pr&‘@gﬂ?é%gvé%bﬁyﬂ% t%‘ée[ﬁﬁfaéh]ﬂte aﬁgt\%trae 58%3%%&1%‘5 h%%‘f%%?‘ﬁpl?ﬁ%?;t%e
permitted or samjije-latendwoef sheflrieasy ks tpnanitier sefispr associated with the pipeline. The
sampling is accomplished usi isting pipelin ipment and does hot require the placement of
additional or cus@%gﬂd equizﬁiﬁ%eﬁl%ﬁ piéezf%geg%b? 6%%(@8560 g\%ﬁ%ia ?%c ion e.t?f??‘é %%(:{nn%?ing is
repeated in ordenppaistieyfinel¢hethigsencelntadesiahiliziegkevsintin the pipelitensenvoriierde
Determining the presence of a possiple destabiliziqrg eveqt Jl';n theﬁgiﬁe ine network '1n response to the
sensing of the p QUPENR/EEY X)P TEE G eted él%ﬁaan%’ﬁl the'sehded B}ggsnﬁ?eawélvoéysl.l This
may include the dseaatdheiS@ARLhsydiem (T hletetrions Wwhethee rapidrpredsune degayl awbctiney
subsequental segmental deco Er ssi(zr][ crt1a acf%ristictof leak %v?nts.on al{)rtgss%iz%]gﬁk\%p ielulic
network occure \Rﬁ?ﬁ}ﬁeﬂ%aﬁlep fe léy T the mee%ﬁ%gnﬁrce%%ra%ﬁ/npﬁgﬁjglves? gferr%imng Whether or
not the detected signiaiti droextegslsratitpoteptaditstagdardots vatiospdddlikehprianert systems, the use
as applied within resent i tion of th d deviation takes into ac t varyipg maodes of
pipeline operatiohﬂ@.%., draw &ygc?é%wtﬁ% %régﬁ%ge%&fﬁp%lﬁq%%ﬁ%mgbgﬁg’g% {Egt a’[eél olg%é% Bﬁt is
also withdrawn adlidiectoediatecpaitis basw tigéthbidemdegp avaherén dgaoahnenfidic éstwigHdakwim at
intermediate points,.etc.). The prior art systems rel on a fixed threshold. When the threshold is
exceeded, an alzfilrrﬁlpse 1rige'ger%é : élc%(ilr%ﬁ)léﬂgatcs)yastaeg};élde?ctdgfet%%nﬁr(ia?saer%t nve Vt\l{g?l,atﬁoeuﬁglrcess%l} utilized
changes to accogmtdortahé&ioges ienthevopeiratipipetineitibhs guetorehaimgethinuep ef atimgimdosiey
changes in operation, dye to normal noise, temperature, diffegent types of fluids.(e.g.,.gasoline,or
diesel fuels) andﬁ%‘ga |1E)Hn o mgﬁa%eﬁﬁren gbé?téjb%\?gngt?gﬂﬁd%ﬁge%%%%uar% ,eyér?ctjge(arv%% %ﬁ)o.nisheA
threshold may berttcreasecdbrfileareaseddntoespeseftbskrrdermopéradinly copehitiorsabr beents) For
example, the threshold may be increased in response to the startup utdewn of MR, or other
pipeline equipmear?tc.%ag?é%iﬁg e thredholt tbcre%% 3 ﬁ%el{:ﬁ-% |f1|38’aﬁgl%§£ an opséor?aetf?)ﬁ%wgal}:sc\éptable
destabilizing evertcthvdtdnagracisolehk attoibleabéazthel comp onenstemaptod. thvkenuatpustgnshiots
down, and steadygtate is feattained. (g, hyesh E"%%t'%%qle%ﬁé‘?&da%ﬁ%{é“v?&jv@?[B ﬁ&@ﬁ&%ﬂ% noise
to steadystate n Al NoISe tﬂere%y more tightly monitoring the system for operationally unacceptable
destabilizing eventstitionoelc dbdwishe detactidorofdestabiiizingveventsutiatsaymostatvepbeen
identified if the thres h‘a%r'%"i’%ﬁart%%'“@éﬂ?dégocﬁ%t%ﬁa 3%15'5‘9 Erffeeaiﬁgggﬁq ﬂﬁvﬁ? 'Qﬂe.;pﬁ)éﬁﬁ%t% igh
speed pressure gecay can be anafyzedst determine IF it originated from knoWn pipeline operational
activities or is attginsabieato ampotenti@ndathar tothels destaghlitingppebing Tiienotespresswe avkigh speed
pressure decay is indicative of a leak or rupture. In the event that the pipeline is submerged
underwater, there may be an increase in pressure as opposed to a pressure decay due to the
pressure exerted on the pipeline from the water entering the pipeline. A comparison of the time of
reported pressure reactions with the times of recent pipeline operational activities is made to

determine if given the time differential and linear pipeline distance between the activity and the
AdAatectinn of the nreccrire reecnonce wac cariced by the normal nineline activvitvy by comnarina time



of monitoring a pipeline network may further include determining the certainty of the possible
destabiIizinwg&ﬁg@&gporting the presence, location and certainty of the&q?ﬁ%%ggﬁ?ﬁilizing
event to one or more operators of the pipeline network. The certainty of the possible destabilizing
event may include comparing the determination of a possible destabilizing event based upon sensed
pressure waves with one or more current sensed pipeline network operating conditions. [0017]It is
another aspect of the present invention to provide a system for monitoring a pipeline network for
detecting destabilizing events in the same. The pipeline network may include a first facility, a second
facility, at least SHEIENNECsRh dskconhettirly the fArattadiifs™and fAeTSdusRa iy SEck Kat the
fluid can flow betwggeR the first facility and the second facility, and at least one pumping station (which
may include a pump set) connected to the at least one pipeline segment. Various facilities ar
contemplated to W8 Whkhin the ScopatBrtmepRLéh O Ao AL N Bl %ﬁh@d@&&@%@e&
petrochemical prade@iion dagilsiesinguraring stipdis Siemasifasilibas: sistititiap tenswalsddrilling
stations, and off-shore drilling platforms. For example, the pipeline may extend from a refingl%/ato a

distribution termithaf, G aES LNIRGhAIR0IRT 6 tEhitT & ShrashorBsIIsicRT s S RISt et

facilities or refineyrddpMBiyaskais A1ethivaited tophvahasiiiasedéariaus combiiptionsmnaoikmhers of
facilities and pipeline segments are considered to be within the scope_of the present invention, Each
pumping station {FTERABRI MG s‘%ﬂ@ﬁéegﬁg BYﬁ%BFerﬁtelf?ﬁﬁﬁﬂﬁé)fs?a]ﬁ&TﬂssWHf/?ﬁ dd¥ e8gntrifugal
type pump or pugassicienintiaciavyingfiic akibek debipedt piessinecastilaigie from the upstream
pipeline segment and pushin%ﬁﬁe fluid into the downstream pi?pe.line segment Et thePdesired ressure
i rate. The moitbHng systeASHORIEEES I BF BRLLEaE SaruG Be RS PSR BN e

presence of one Ht makgipFaasHEtIaER Vg thdiheopipetisens ebvbiko Eat hipre ssyiesapgairddvice is
preferably an existing pressure transmitter, associated with the pipelinge.. The Iurail% of pressure
sensing devices ﬂ@@@ﬂ?ﬁ&idﬂ& Qi S FRRIag I eﬁéﬁs‘?ﬁ&%@\ﬁ%@ lisoprgg)%%‘p f5ihg ation. A
first sensing deviggtefiihespaitiollpressute genstigdeviceshisldbettedtar akecsiiie effthgpieatpbr pump
set and a second sensing device of the pair of pressure sensing devijces is located on an opposite side
of the pump or ptith s rheégﬁq?i&ggs?ferég%%gfﬁﬁich@?gélgglg%%lyg%h%iﬁﬁ%%ﬁlgeof’orﬁ%g Qssure
waves within theapipaiineoetwbdhahpes momitesing sysienioirthidnahdsies & pit alitycodlignhote,
monitoring devic\e}\;HoErerati el)ﬁ]c%nnect d t(t) the filrlsltf cili hthe seconrc% fac%'liitx and attle%s\;t one
pumping station. & MR BTG YeticBRAmoritSr t e%%é’%?fo% oPthe p%peqilﬁ% hetvorRand
collect operatingptasenobipelipipetitiei yaivedefrond dhemsersingdesdoes il ether mpniterindidbvices.
Each of the plurality of pressure sensin deviceg isﬂ? erati%/el conn(}cte to ai Ieasft one femote
monitoring devicBFhEMESitoh rsy?gf ANER intitdRE R Bt oI S l%]iaolf)lgrg ﬁ?eslyOcocr%lel&][é0a to the
plurality of remotécsrabiliecthg davices ity dontrollipgotieetinpeoation aff tive gipabiieznetworktb@sed upon
signals received from theIQIuraIit .of rertnotel%no ito§ng evices.tThe (%Pn%rgl unittlcllletoecstls tg . presence
of possible desteﬁfﬁﬁ%sg Bvents] lﬂ‘nnéelﬁlp%]ﬁnéu}lce Wik ang detsrmines the fo%%%on%?p&a e
destabilizing evedés inidhetiipdiridsnetworkunaged thporithesensed] prpsstireswavds:. dhisigpplecation is
performed by a high speed fime-synchronized array. of pressure sensing field lpcated instruments and
processors. [001% ﬁgk cs:br%?ﬁﬁltllsngfﬁggzg?%tr%a %ﬁ%%ﬁtlsr%naﬂ%%rpfﬁsesl%%a? |mse%g%iim?§vesr[h(§8]f1§erhmines
the presence of shdgsiadbitizingtevekt chihgepipelmesnetvard Hasedrupmmtinersdnsad phasgasemwaves.
Furthermore, the real time P%timiggg de%?rlrﬁsinﬁéswwgel;[lﬂ%uorhn te V%@%toi%sein gh% sensed.pressure
waves are prese\rllltsg?lsd whemer'dr NGt each vafiation or vatiation Set exceeds an accep ed standard
deviation (with respecTheenpitcally detenmined murcaphblpadihecspstemghérattioscforatiwionsrent
mode) or other statistical comparator (e,g., positive or negative rate of change of decompression in the
network). The reg}qlesrlﬁréeoaﬁﬁ%ﬁpér%nsasy&ﬁijgtﬂgrs eorro 8ra%%% g%‘asd%‘?éfr ?H%r%ega cel Iéllﬁltcﬁrtq)qgtﬁréls%(?ssible
destabilizing eveof biaaosnipariragiiheadesenmiii akiek. offaghoes§itiesd edtaiili zingy ave soivas oo pon
sensed pressure waves with.ong or more sensed pipeline network operating.condition nsed by the
plurality of remot%Ctrlnoéln|1%r?llr}fglpcﬁleel\r/ll?:eog.erlahoer'r(Z,I,aatﬁi1 ffmégoapﬁen%fizzorrﬁet&%mgsh? écfo%%?£§8%%} Eg
destabilizing eveatduriheypipsiivrel s eivir kv baseg eppostitne doodition opttreprassyrgpebensievddvices
that sensed a pressuyre wave of a particular reaction .and.t ctual real-time pipgli tem hydraulic
character with re\év?alé&jgt 1 rgt éf%ﬁ?{ra?gg ?lgété?ﬁ%gc{% a CSE%§E|éE1L¢$‘é‘E}§1?%i}:%H§Sfﬁ§&1 gtlﬁg i@lﬁ:‘%{ntrol
unit may identify memexiiz gnédsurgsnn adungss thertiestabilizitpeventinatadidgrbat systdimitbel to the
modification of oQﬁge%glr\llglﬁ%g%rlge%%r&l,et.hgnre%s%tlilr_loqfg{a{gl%lgﬁpment, notifying the hur_nan.pipeline
controller, and/or the maintenantce reviéw of equipment in response to the determination that a
destabilization event exists. In the event that a rupture or leak is detected the control unit may identify
or automatically execute remedial measures to minimize fluid loss from the system. The remedial
measures may include but are not limited to the powering off of pumps to reduce flow to the leak,
temporarily shutting down the pipeline, diverting the flow within the pipeline, and isolating the leak site.
[002011t is another aspect of the present invention to provide a system that effectively provides for

alarm management to reduce the number of the false alarms. During normal operation of the pipeline
network variniie eteadv-ctate and trancient nrecciire nrofilee are adenarated that area not attribritahle to



a pipeline network is provided. The system preferably performs the method described herein. The
method incl ng.one or more pressure waves within the pipeline n rmined
locations Wi?f%ﬁﬁt %g}%?gge%zne network, automatically adjusting a predeterming%%%@eggfng
threshold for the pipeline network at the predetermined locations based upon at least one of the
operating mode of the pipeline network, current operating conditions in the pipeline network and
current operating events in the pipeline network, and determining the presence of a possible
destabilizing event in the pipeline network by determining whether or not the sensed pressure waves
exceed the adjustBEBRAIP MG IR operating threshold. In response to the determination, the
method further includes generating an alarm indicating the possible presence of a destabilizing event
when the sensed pressure waves exceed the adjusted predetermined stable gperating threshqld. The
determination of ! Bkesencelbfis ﬁBs%?lBl‘“éHQgté%‘fliﬂWﬁeé’@eWtVﬁ?ﬂ%l oD & MR Hhse to
the sensed presgyipmRVesayiuraitticidde siptaniingemoatiensdentis sRRselcpIesabiEMaves,
and determining whether gr not the detected variation exceeds an acceptggsst ndard deviation. The
accepted standaficdEViatdf RBS BE BRWATSirid AR RIEEPhimG Lo AR n'SFhie HELABY may
further include degtpsmibingtwaetheiar Rohatsihsedide itidbslazairaressiaosehasastekistisisl piasent
following the detection of a variation in sensed pressure waves, When the characteristic is present, an
alarm is generatér&qm&‘ﬁ%é)’thélﬂyggga(f@%ﬁ} |%%ﬁ<.%bb2§]ﬁ’f‘?§i%%tﬁf‘é%?§p@8w ePhse E@hvention
to provide a moniietiind systenkiotideie cingedesiabiliongaprintd o pipelifie paivkiok asehdidkgnosing
the destabilizing events to identify (i). the location of the same and (ii) identify potential causes and
remedial and/or LU REEHEOH LAY %@?&fﬂ%ﬁsfﬂ‘@gﬁgfé%tﬁgge%%&%ﬂolﬁg rﬂ}ﬁ g?ﬁﬁ%%g both
high level and lovéginleus| qrstakilbaing eyesdscish thetitesreplivgimeasitiesscarmhgimtémreied to
minimize any long term detrimental impact on the .pipeling network and to promptly return the network
to stable operatiggﬁtfwntg%%% &' Witk zﬂ'ﬂ%{%&” a 'él]%? TS %na(quivé)#ﬂ%'r?f ?hgrél Bigeline
monitoring systeptaisqerayided:thigt diagaasesdhethotgntialsouieendibaestabilipipijecereintsin Theysystem
includes a control unit that diagnoses a potential , cause, of.the sensed destabilizing event b
comparing the cﬁBY&&%WB’?&h‘@%@%@eE‘ﬁHét%il%ﬁ% j%fftlﬁsﬁWﬁsfﬁ%iﬁgﬁﬁb%@gzéﬁa(ﬁr%sﬁg%ﬁbroutine
with at least one diftpiharioesiakitizifgodentssthe; duciBtitQrarating mode of the pipeline network, the
current operatingr)ll cor}ﬁitions irl}ggz- i t%g)?f network and the curretnt P|<%ﬁratin€gt e\{ents in.the glig)eline
network. The co ?r?)ll nit may nlgﬁg SHia B8 st et P85t o Sorke et‘he%%%%dﬂ% Y
destabilizing eveitlndespanagtoiite deteioringiiesstihat avpassiblehiesthvilizipgieventwosks. afhe
control unit may then repart the remedial.measures to. an operator of, t ipeline network. It is also
contemplated th&f ?F?St 8$§?ﬁfl H?é’&si gﬁﬂ%%ﬁl?c&@?%%gﬁ?g%e’ raélriéja?g%‘r%%%l t%spﬁrsl%nfclsggzription
of the Drawings @44THie thraegsiigmndweiiteimdvaniagiasohthe aiesantdgehnigue thaysbecaime
apparent upon reading the foIIowiﬁJg d ta%'l% descrigtiop and u onéeferen{:elgo trhe d{al\r/vinqsﬂ\{vherein
like reference nUPhETAlS destribe likS EHtE AR S T fS 1 is'4h Oexéunl?plfaeryopipe?ine

Shents Ard WhErerr” [ ?é]
network in accorgarti@avithacestaponent failure in the field (e.g., a pump or valve or other pipeline

equipment related to the operation of the pipeline) to a process error, which may
attributed to an operator error (c.g., set point misplacement of a control valve or
variable frequency drive adjustment) or misoperation of the pipeline. The
destabilized events have varying degree of severity (with a potential 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



aspects of the present techniques; [0026]FIG. 2 is an exemplary embodiment of the control center of
FIG. 1in a %H&? %Bg aspects of the present techniques; [0027]FIG. 3 i |

: Cﬁp(? 15 : L
embodiment of a pressure wave caused by a rupture in the pipeline networfcg}qﬁ%g.bﬁ}?&%é]ﬂ& 4is
an exemplary embodiment of a display shown to a pipeline operator in the control center of FIG. 1 in
accordance 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 preferrec®BRBERANSARUMETvetAspags (i csitibmpent is prevented and pipeline life may be

extended (through reductions in strain, fatigue and wear on the pipeline).

[0014] In accordance with an aspect of the present invention, the sensing of
pressure waves within the pipeline network occurs at the highest sampling rate
permitted or sample rate limit of the pressure transmitter sensor associated with the
pipeline. The sampling is accomplished using existing pipeline equipment and does
not require the placement of additional or customized equipment on the pipeline for
purposes of event detection. The sampling is repeated in order to determine the
presence of a destabilizing event in the pipeline network. Determining the presence
of a possible destabilizing event in the pipeline network in response to the sensing of
the pressure waves may include detecting variations in the sensed pressure waves.
This may include the use of the SCADA system to determine whether rapid pressure
decay and the subsequental segmental decompression characteristic of leak events on
a pressurized hydraulic network occured within the pipeline system. The method
preferably includes determining whether or not the detected variation exceeds an
accepted standard deviation. Unlike prior art systems, the use as applied within the
present invention of the standard deviation takes into account varying modes of
pipeline operation (¢.g., draw mode, where pipeline fluid is pushed from one end to
the other but is also withdrawn at intermediate points, and tight line mode, where no
pipeline fluid is withdrawn at intermediate points, etc.). The prior art systems rely
upon a fixed threshold. When the threshold is exceeded, an alarm is triggered.
According to an aspect of the present invention, the threshold utilized changes to
account for changes in the operating conditions due to changes in operating mode,
changes in operation due to normal noise, temperature, different types of fluids (e.g.,
gasoline or diesel fuels) and location of the pipeline (e.g., above ground, below
ground, 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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that the following description is specific to a particular embodiment or a particular use of the invention,
this is i_ntenq,gg Egop&éykl%rative only. Accordingly, thg inyention is not ”miteﬂcli)/ﬁlg%ﬁg Eﬁ?l
embodiments described below, but rather, the invention includes all alternatives, modifications, and
equivalents falling within the true scope of the appended claims. [0031]The present invention is
directed to a system and method for detecting the occurrence of destabilizing events in one or more
pipeline networks. The terminology "destabilizing event(s)" is intended to encompass any event or
activity including but not limited to leaks, ruptures, equipment failures, equipment malfunction, process

errors, etc that rﬁ%?ﬁﬁ‘ﬁif/’é‘%r’f}é?d%é?geéqnf@é&m%‘ biPBERSRLABY BOHisHlh & Hietork! e

particular, a realwigeoRtinizes (REQIS sitilizedvmith SURtMEANhGPRBIch AR B adteaHisition
(SCADA) unit to detect destabilizing events. in the pipeline byg;tecting ﬂress,ure reactions witI%in the

pipeline, compariig tHESRYdaris FaNHAIRS ARSI delds it 8 ateRrEb ey e e A ieline
mode, eliminating;fhogréeqstionscasesdcby koanwipipeiselavantac Usn®Adnatbodroiskiekn

distancing to determine where the pressure reactions originated, and evaluating other real-time
operational dataRPEbRfoRSRANE o ASHISSe OF ésruﬁﬁﬁ%%l}t‘?lﬂg Ii?cfisp(fﬁe@%%rll ofthi¥dsed
control system dgsigiesi-An0ptieRizer thepralety @od minimizsotiepaiies eatakimpdctoidhsf pipeline
due to destabilizing events while e ectivﬁ(-:%llgl managing EQF? ge%iﬁation of al$rm eventﬁéf To enhance the
detection of destSBHiZng BWRts i Broaiimedheh R PBURSIT AP BEH e AR S Rl ARTES Jp¥dfonal

data from the SGARANAIL frpRdircnalysissdll adessislrdasiabilizirg evenpissdeteciagicdroalarm is
generated via the SCAD@%n't to aﬂ;rt the operator of the pipgline network. The inf%)r ation used to
assess the possiBifit)'Bf B2 HSy BEeproviciiedh P BSE RS or iR BPESRTc Aty S4B, 8
textually or any Gepabie@ijeesineseeidtiim contaniplaiactinett the sypipalcanfeaoomendioitics is
automatically execute corrective measures.to minimize the i ct.of destabilizing events on the

i e iy

pipeline system ?éﬂjﬁﬁtﬁ@mé?iﬁéVFfém%MS e NEBHBATIRIAG AW £5 e
drawings, and refiesrirgiinitiadlydtabk] Getdctiopipelite nreisits 10 onaconrdancewity shmaaspdcts of
the present technlgues is iIIustra{}ed. In the pipeline net\gr?rk 00, afluid,lsu[:rtl. as one.or more fluid
commodities (e.§'PoI{"GASRHE pr6FOBBTHOH BT tRSFSH SR GBS SOIRRH tRath AEHILY AR 102
through various pipeline pagmetets 104 Gund puvip sigiipnsddohalddtiidicat [Fastsarsedrdstacdity 108.
The first facility 102 and second facility may be any facility assocjated with the production, processing
and transporting %eilr,%ograas%eﬁ@%‘flﬁ ﬁ%?ﬁd@ﬂ%%%‘?@%%tg?ﬁgnéﬁfdpﬁ%e J0E A Ri}%l e %%{r?{ Siffield
production tree, pusfideafakdifjuidistiibiatibe fi@elitis, oil sands plant or the like, an off-shore drilling
platform, an off-share distribution or transportation terminal, refineries, petrochemical facilities, etc..
The pipeline se;‘ﬂ@ﬁ% 104 metg} ﬁ%ﬂfg% ‘G’ﬁ}} ﬁﬁlgﬁ%ﬁre?gpt%ch ﬂ@ﬁ&ﬁeg? ]?Itullavgg%orlrll’ot iéf‘i(ra%et%Od
therethrough. It sifautshherimgtet thigleti o aiy e dnm aytégeharuvingrian ddizatinia e thbdodatemt i€ merely

for exemplary pwﬂ)oses.irg or (i%staél?e other e{niboﬁiimentshrﬁ]ea)(lincluge.sin le or m Itit@ee Erodldct strip

or injection point%,ebpgﬁtqﬁ es fivY lpllzphéﬁnee\feéls We gspé%ey num%t(‘a’vroér iftermediate Bump S{ations. The

present inventiompisssiteneedefor Tiseprexarto uadylpestohpip din paseiviodes thbilinm®oecat maoyde
branches. [0033 Ther%%mt% stations 106a-106n mcluglfe%%ne.or mor%@[ur?ﬁgaﬁOafﬁelOne one or more

0 ONne Or _morc_ operat cling Wi even
sensors 112a-11 H, BRA/OF ORE of more mekers 1083:108n Mine pumps Ton may include one

or more synchrodeststéledicalamatos fruhigs | aaliathledpe guieney arapgpdffFdicpamepd d moléesities like.
The pressure sensors 112a- 12[8 are pretferlellltgl% clioff%?dn oyg1 ggs&reamoof thes{[crrsnt RKM O%V%?atbllOn
and downstream(ce)'igthé)ﬁléns? psu%poﬁtbas-i%n in“Each peurﬁp s%a iof i@gaylo%ln, as shown in’Fig. 1 and
Fig. 3. The metersiidBiacl 08n dvsstypicéiydobtatad thalysydhare tnd fimiclicormmtditiespeatetortleave the

pipeline network 100, 25010, ORAMER RARIS NG IR IR CRStERAR Al S fipetine
’ 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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various processor based devices, such as remote monitoring devices 120, 121 and 122a-122n, are
utilized topg{}s%gmsggﬂmunicate data about operational settings, which igelm]%ﬁg%%ggpt settings
(e.g., equipment status, etc.) and measured parameters (e.g., pressure, temperature, flow rate, etc.) of
the pipeline network 100. The remote devices 120, 121 and 122a-122n may be programmable logic
controllers (PLC's), 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- | 22n may also include monitors, keyboards,

pointing devices RBAGIRSPERHIRE B dEFSIeT erRicingPind dRCopisstr, Topesion. The “sense

2009/158602P C /445 91488134 DeSnpark dbtheasemotendsyigasntPlndwia puidrietda-3d R may be
located in one or more of the first facility 102, pump statigns 10?51-106n, and second facility 108 to

collect data from HRCSERRSIINE $35{Rm aPpe G dHue @Ay WUBReRIRE Sttings or telemetry data,
from the equipment and/or meters 108a-108n associated with t ipeline netwark 100. The control
signals from the E&]ﬁment 4.2 0o 4! i%%ﬁ&)%)lﬁ%g eﬁ%g S BRI AT 8RB od
112a-112n may bediolitediby the shbteneatioak theycanthel signads dusthénirpndmittetinyyaositch or
transducer that is part of({rgse uipment or mgter 1%861-1 08n. As sucp, eﬁxch of heIrtem%)te Plﬁ}/ices
120, 121 and 12883985, 5&% P& R0 LS TR T LB RTIBER SN 95PURE AREaHIRShE sPcific
pump station 10pasibbn duseibitpipaliratiacibine Asaorexgaplershe dperdficnad settingks. mblcinclude
data about the draw rate, puUmp st , éjr%gbriaducer adgitive ([I{)lﬁﬁ% inA'ector. staﬁilljs vtalve. stituns, DRA
injection rate, va?%e}glﬁ(e%ueﬁa?ﬁsrlivee S mdsl,zﬁl(%/\?YS e i 1e(|f)|lf)e ife S agnr%%n S ?82%?& O fluid
within tanks in thef fagibisiesld d2sandlikGey; Suiditbaspeigiviescpred utssintheapipeting sagraenisrd 04,

density of the fluid commodfiit%}/, an(fl/or b%tch f’(nterfa(%e. The({%mote devices 120, 121 and 122a-122n
receive, processcgﬁrggtt%?’és IR NSEW oL

loUs control signalsaniocal memory. In this manner, the operationa
VGl EontrS| Fighalsst 16cat me In thi h ional
settings for each hchga,t\i/on may be efficiently mana for furth{ar distrt'ibutif%n to th cogtr&l epter 126.
10036]The remo{e evices 12 ?IfZa.Lngtf%rlésfae-C?Z ngllr?tgrrg%cf‘l\l/vi%ﬁvgtlh1e0rndevi%1é0§7 t %tamgy%e E)cated at

one or more controngeniegsal@ipaliathetvaivkofer 1dtdoifigtiestgricass tiverdpenaticnsdrdata Tibe
control centers 126 may include ane or moye fagilities, .ywhich ho ] sor ba; evices
having applicatio%lgeu]tﬂlzga %Oﬁa%%é%%déqﬁ?g%enat%% ’rﬁosr? i%%?ﬁégﬁcslgr%s’ 1 {gggf%lgneo&%?eﬁt%s
108a-108n distrilsegettai mogitbeippdindinetioility 00 dAlsomtrondefaatity? uichsthewthinfhrsaten detail
below in FIG. 2. Becguse each o t ' w123.an - (::ES! f centers
126 may be Iocatﬁé)mnéj}?f%%ﬁl%eg%%erfé%{ggl%@%%%g,%ﬁc f&a%ﬂéﬁfe%én?%%s%%%é%e , cﬂﬁaﬁls,g%%t({%lﬂl ntries, a
network 124 providestcammunibadion pathg G@@veemm:kmotbedewibestlm_pmﬁm $ePeent22n and
the control cente(s 18 FAIREWEK At MRt famprize drlfsreatneipars faiddaa Rt samp, such
as routers, switches, bridges, tor example, may include one or more local area hetworks, wide area
networks, serveriaebalmgtwor ket dimitsttdpolithncainsa pritachdmial coaduirtatiofrof thes adifieint types
of networks. The ctiyj ft e femote ices , 1]

2201221 a0 oo Lt 38 i LLo0h by b, dlled i hacar
10037]A control deitisg 108tleravcordancexwithlaspectsiptine pfézemtﬁwbrftmn i8 iﬂ@fgmmedQ'nal_:ig. 2.
The control cemgf bafy R HARRAA MROHRLRN GAMIEY e AYIBMERhANT SeRPQib AR T the
pipeline network 100. As a specific example of the opération performed by the control center 126,
pseudo code is listectegviar itspendiincyhel bgmweéﬁt@ﬂqtzmﬁ@@@eg’@§9@éﬁﬁ§or\]&f@m$ol and
data acquisition (3¢:ARM it A0, GRRISLABTIRNS GRATRNIRMCESALIR-ZAABMaRRANNPHE 212,
The SCADA unit 202 provides a pipeline operator with access to operate the equipment in the pipeline
network 100. WhiéhitsthglecieAt Ahanitczont imﬂﬁ]@t@@te@aﬁfslﬁémﬂl% Hpipe draeEaablat irdugsatrol
center 126 may ifciugde gpe ﬁgﬁ?rﬁﬂgﬂﬁﬁﬁﬁ%%ﬁi&gﬁé HIUER RN Q- BAP TS PR FRIRH FADA

units to manage the local S units in other control centér architectures.
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



100381The SCADA unit 202 contains one or more modules or components that perform specific
functions fo egirg?&ﬂe transport of the fluid commodities. For instance,l;esf,/ﬁgi@@/&‘%g] 202 may
include a SCADA application 204 that includes one or more software programs, routines, sets of
instructions and/or code to manage the operation of the pipeline network 100. The SCADA application
204 may include OASYS DNA by TELVENT; Ranger by ABB, Inc.; Intellution by GE, Inc.; and/or
UCOS by Control Systems International (CSl), Inc. The SCADA unit 202 includes a data
communication module 206 and a database 208. The data communication module 206 includes a set

of instructions thBEATEHAYANSHRSIMREE S PIRAIE SN MO A5V 168 IOFTB R YRR BigetfiOHal Settings

from the remote gryisashd0dd2de ITHHLBarleRpralsSRe sHiGiitedydiceo i PIovideal eguipvsrtcsettings to
the devices 120, 121 and 122a-122n?. The database 208 mr%y be of any conventional type of computer
readable storagefeDIBRSEABISRSHRY HAECHRTEATTSHIUES RRAURKIIRTEEHY B0y AHRE,
CD-ROMs and ojbeiceptisaboaestioomagngiipinpaiandihadikainyhich siaipssthe apeiaieaslsettings.
The SCADA application 204 analyzes the operational settings, which may include. copverting the
operational settifg&iAg e E5edricN RO o prue ARSI RS SRS AF/ST Y ﬂffgﬁéjﬁg
conditions. The regwlésiof thik anely&isnalapgmitiithecppacaliRal $eilings, afedhercstasaddrithe
database 208, as operational ,seigifngs and qper ti?ipal repz{gs. hen, th%fpgration | settings and
operational repoftSVHiSS WEERF SRIZES S Sthie dE B ALEE o f HRRGBRAI SERORUntts FAD 4T
locations. [0039]puagitiostativ Operadianal gettingsi @it ® peratienahtapors isayfeeafoeserfitettto
processor based devices, such as control devices 214a-214n, via the network 212 to provide an
operator with dafdRey8G Pélélgﬁla@og‘ﬁ&&%ﬁaw&ga&pﬁiﬂ@ RIRGIBI% %‘é&#ﬁé‘&%ﬁ%ﬁ&&éﬁ%s
214a-214n may be/Senputersthse nisitcladgbasasandoich esmhbinalianl of théseréynes atmiagessor
based systems, which may also include display units (e.g. monitors or other.visual gis Iays)x
keyboards, pointiiy GVt SREEF ST r (RN it ri9c 85 TS%%%?‘%C‘%?%O\tﬁitﬁlﬂﬂlét%a SPE e N8fwork
212, which may inehiegisimigsteamagtientsdelibesnetworkd24ninaypbetitidizeddorprosddeo the

communication paths between the control devices 214a-214n and the data communjcation module
206 in the SCADRGHISGS TSR HHE RENIBHE 31 S0 ATBH S ARERETL OB HIHPeR AnRBTilg
devices (not showgtdriapasel ugeo gl smoeceileddirane tho elveiks of safuet ateritoetvgotksidost may
also include wide area net orkts, rrtmetro olitan area nFtworlﬁ[, oé{ ctortr)1Pination oftth.est%diff.er(?nte types of
networks for cert 888 ot ﬁiﬁgcéso eegfﬁﬁ??%lena 0P th e%v&é?ﬁ%l?’%% e contidFdévices
214a-214n and thenbéz i A uiic2Oznis; uheldostoiod by Hssbiskisdthilihie@tvd64) Toeopechtesthe
pipeline network 100, the operator epters operational instructions.into gne of the control deyices
D 214 e sh OB GGl S R RIS hUbARENE St ot O ke
operating modesh{gg.spiglt tine-gyedaronidedvdimgds) pfossaxarepken @ féctb tocatuidasedrieticaBCADA
application 204 throu?%h the data communication module 206 in the SCADA unit 202. The SCADA unit
202 stores the 085?8 OR&l'instructions in the database 208 and may synchronize the operational
instructions with ﬁﬂﬁ% SCADAunits. The, SCADA lication 204 anal .the o tional jnstructions
and converts the oper!ational m?ugﬁgﬁglin%%qﬁﬁﬁ%ﬁt %eltr%\iarll%gstl,n\?vehig)é%r%%?ege i?ﬁt{ﬁée %%?ngqgga
different format thptiisizocdptethbieshicepnotade vt esde2ebil Zinandveepm 2 miftlens Bk
application 204 gonverts the gperational instructions from uni S far the Qr into
units of measurecbrﬁséerﬁ fgp?ﬁe%%m%etlésgl% 53%S&§Oﬁ§fsandﬁ1%§%§§’. %%emé%%iénﬁléi;ltoggt%r}%s are
then transmitted detthairem otbatlesi cesnb? 0;atiati anydin 2Ra-sk22edbyr tssntkatsacemane mtsatioh anddule
206. Once receiveg e 5‘?%%tea%ﬁ"v'gﬁét?o%q%}%ﬁﬂ%@e%%BQD%%HS%‘%J‘QE’?’&E?Q@‘Ft&'ﬂq]a?ﬁl‘ﬂf&%?f&hset“”95
and transmit the equipment set%ngs y providing the appropriate control signal to the equipment. The
equipment settingsitl. gespoenitng anpiosihly fitsiecoined| tdevivespigeitiagspitetn gy punips, thad/or
Staring or StoPPI R MUY S I ANRINS cale RGO NG SO Nla e pRSIG aRATenS
104) are then exggfteél %ﬁ%g%r%ép%ct%e%ea%p%erﬁ. 84%[%?%@ p%pelineénetwork 100 to o%grate
efficiently, and cafrgdectamgesssiume ticiladtvesk). ofddachityimgomianothardadithA0eothebptaitps

110a-110 i i T hat of
he Ztmosgh"i;fe “g%?i?o&frgécﬁr%ﬂﬁ]hﬁl&r&??é{ﬁ?%W&Q'B%HB&EO @J&éﬁﬂfﬁﬁgv@%ﬁpw ggaterihapdhat o

e pipeline segments 104 and pump stations 106a-106n. This pressure
differential placedsttimspeson oficaveeisiibce kastebikzoighey pivodiisechenoorkenodupEES ToviEM the
fluid being transiofied, 454 £A0SEALANASARIRSR BIR TG, B RATRINS ke lemeify
containing the pressure differential, and in particular compromiSed areas (corrosion) or lower rated
pipeline elementsf neayoteprarétoamgdevindn A Babtlowontinmeodstusibiesitz theapipeninehc
eauipment containSehif A PUIRING SRTBARANT AR URMA A ABEAIH BIPRPBRHRICh can
create unstable operating conditions that may lead to a possible rupture. Furthermore, unstable
operation could result from improper operational instructions entered into by one of the control devices
214 by the pipeline operator or the failure of the operaterltb-adjust the necessary operational
instructions in response to a change in operating mode or a change in the fluid within the pipeline.
[0042]When an element of the pipeline network 100 ruptures 300, the



pressure at the rupture location rapidly changes, as the first molecules of fluid are pushed from the
pipeline by %Qﬁgﬁ%gﬂgiﬁerential. This pressure change causes pressureP@It}ﬁ(?%ldb%?}ﬁJ%ent 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 sourdvAFedGYHiER tRaY SRRl dRSITSIDEIeah & RATIEAhArasonr fRd fhs46tHa

operation of the RipelinR MAYRISe Framapressie ehsadnd wave withiectheopiprlinganSiviehl sy wave
may not be as high as those associated with. a rupture. [0043]Many of the prior art systems, some
described abovedtiseiyRediaeceRitte AL iRt EShipeline network typically do not use detection of a
pressure wave in their analysis, These systems depend orn.a balancing algorithm to defermine if fluid
is leaving the piggﬁrfé]at an unﬁ:ﬁ?et%%ﬁ%clﬁﬁbﬂg%éfg%?ﬁe]i?%ea%?isnéegabﬁﬁé%g 5?30211 ©
appreciated, thegespriondrgsystamsinenidisthaita maifficiant ¥ olumeofflodifiraddeft dfieopigetihgough
the rupture before detection of the rlﬁpture fan occur. Thistc§,n re?t#“ in asi nificeint envirtonﬂ1ental
impact in the are%agaﬁﬂ%fﬁ%di%tﬁgs? Bter@a SRR A 1B R B MENn SR RPSPE S SShBlace and
relatively lethargimavih tiespedih tainyel acvic wafespegdsmrid thepenstitogtise dmentialdecothprassions
that follow rupture events in closed pressurjzed hydraulic networks. The systems that do sens
acoustic waves d%gcaﬁgézc?té%%\%e%ﬁ R/X}%%raélél rtgﬁt%‘%%t éiﬁa Aot %&lﬁreero&gg?z%ﬁfi%ggﬁcé%geFﬁg fﬁg%rﬁn pact
the stable operatiait aidiedpipéiiner natometicd09 Lkt prorvicdisleacaeatditnendatedtiotloidaloss
destabilizing event including a ruptyre 300, and thus allow more rapjd and effective action, a real-time
optimizer (V10) BY8 ASLaor ARGy e HOONE s Ein gL RS B A G B0 e
enhances the opssaiioin®ioficopipetins netvedicd b in teahtinkako tesporuliinoieiaifectively the
destabilizing events. CL%M(ELEP&HI;;@ &%\9 Wﬁﬂir?ﬁl'em;gf%ﬁ]neentfn%ﬁsso%?ﬁ éo%??erﬁ(ss%ware programs,

routines, softwar%l%%{ ages, and/or computer readablé instructions interact with the SCADA unit

202, or specifica SCADA application 204 and database.208. The RIO 21 Y, ritten in
any suitable conigg e progra%trrllgn%n gfﬁaruaas & Q?hor%%%qlﬁ%eétrgvzefbl?g?éi 6%\§d%%c§[%§é; |t)?n rxr:{ay be
provided to the ofretioety prawitks fepetisrambotigemeotificatidus tivhotiebarisddhofalgdide)rof
suspected pipeline destabilizing ev inelyding ryptur thraos tecti is of
pressure waves %i{%h%os@é%%ﬁgﬁﬁéﬁs%%iﬁ%l \R/égﬁlegﬁ)%\r%g%r’ ?ﬁg"g&ﬁgﬁgf h%tﬁglgv@é%@;g%gﬁizing
events and lowepteseirevenfdthatcifdefeigiedrdtht caaldasltttrdietyblesiatardestibihizeng, evadstalbilizing
event including a rupture. [0046]To.obtain information.r ' e f lysis;the RTO
210 requires the%%ﬁ%% %%Lo%gég it%%%ﬁ%fo%%ﬁ% n, %%%%Q%{?b%hc%ﬁﬁﬁ%ﬁg p?%lgceggsé%tgb?/g:emote
devices 120, 12 htaitated 2a-102ml pridepipcaticy siehragith ipdadterofimbdngamplingeattiied
intervals, the sampli SCUr ed e '

transmitter sensré}rfé%fl.q‘fﬁ{s? %?gé%(\;%?‘l\é %e%ﬁ%gg%?ﬁtg?ligéﬁ%?% f?a?fééc%% s'% (—?l \{%é}llgleg%gf}m%ﬁlél[geetected.
The electrical reffresetightidinofiied presbare reptsriadbyreate prasssrars e svithratha aqtwottie
remote devices ) d =122¢ i FGRSS evices
120, 121, and 1 al-’[i%%]ge:@ aa @%ﬁe@@%ﬁ%ﬁ%ﬁﬁ%@%&@rﬁo millg%cé,%%nsg)ﬁ Er?i{shtgi}f%ers from
existing pipelinesiciimete (Heyiousivalpespseorypidalyr didostd anvdndllfe§ eqectranshike drethe
control center 126 IHCh JesS IIRAYENIN, Rt CHAMNIE BYEY IR, SERO R n AR Aie SlelBressure
implementation of the syStem according to the present invention may require modification of the
remote devices ¥20/c32¢{lesichonpel-paeiine @mf@fﬂﬁﬂéiatimﬁsagb&étﬁ@f@hgltﬂﬂi@feoér@é%féavaﬁjes.
Specifically, a stapdard fevjation may Resalculatae foF fhe rasiiin Yalyrmcoleaigdaunng & short

period of time (for example, 15 seconds). In accordance with the present invention, the calculated
standard deviationvientipa toivigasatiiestivorabsammpinagrmsiingaredgevittionveratiegrataengsing

pressure values gllggled berweeninesiand 1. ARe Bk RAKORdaIRiSCaleaedHsing

pressure values collected between times t2 and t6. The next standard deviation is calculated using
pressure values BiIfecian e teddesstipndstesnand (7. siusl Bheas et Weliatibahien dAR ORYSEISthis
rolling manner. By, coptrast,the pligla5 systems review their obtained acoustic information in fixed
intervals (e.g., tl to t5, t6-110, t11415). With such a review, destabilizing events that start in one period

and end in anothgyppeg[iod canfpe,evsdanked ithentllincsalet Gtinn Qhtbe staneand dayviatignd
accordance with the present invention avoids this occurrence. The present invention is not intended to

limited to the use*ef ARSEMGIRCAIAP 2SR e sdarRdarcd elams Hor bl dseihiizing sivealtyhased
determinations (which are not based on force fit models) including but not limited to derivative function
(1s1, 2nd and 3'd derivatives), integral functions are well within the scope of the present invention.
[0047]An operational setting is established, such that thelfield devices 120,



121, and 122a-122n have available for their analysis a number representing a multiplier to be applied
to t_he calcu@,tggﬁ%m%g deviatjor_1. Should the pressure sensors 112a-.11 %&5&%’1 fpressure
which exceeds the standard deviation calculated with the multiplier applied, the remote device 120,
121, and 122a-122n will declare the detection of a pressure wave 301. The normal hydraulic noise
within pipeline systems produce a particular standard deviation character for the pipelines typical
modes of operation while a destabilizing events such as loss of pipeline integrity (rupture) will produce
a uniquely different standard deviation character than the familyhof normal mode standard deviation

characters. SimifaPPSHE SRS 5y RIRNtHEtn S 2 YieAbrSs it blysRspiRras ehadbr sdrlsssiodithe will
produce a uniqughtgifferentstansid deuiationiiasaster Har feskunivafaarmaahredsistandard

deviation characters. [0048]In order tq correlate, pressure waves 301 between different pressyre

sensors 1 | 2a-1 "N ORKisam PEESH TR O LAt e 420 R RO AR i HHRe e nized
between all the reimgtemdeayisedddnihdd  stiicldpadi?an rctnelRipsife nepoilk holvdRiatishe

accomplished by providing a receiver and appropriate additional electronjcs Withinéh remote device
120, 121, and 12359¢5mird B HRIADARLIRGR HrRe P ATS N8 G RHAERES &%?l@blfé "Fom the
transmissions of gaallite s wisest fopdedahal Fdagitioning Systeinsiancerovitiech todheckoip eratinf the
remote device 120, 121, an 122a-]r22n. [0049]As noted above, preEsure waves 301 ma(gﬁb. caused
in the pipeline néX&BH 180 fHobtl GifiePHHES hASTE EBREfBE PAR B ForfhafpiB i c
operations, inclugisgibititnet dveitechtenthsissERNg:Bretistop dinerafipium ps dtheact Hontanddie dpening
and closing of valves. It is important th?#he ressure waves 30 ca%jed by these eve[?g? to he taken
into consideratioRBy WgjUEHAT tHsCaFsr ?ri@‘gé*ﬁtﬁ& H%y?ﬁ?fﬂénl S P &SFA RS RS P Hom Those
being considereddgorisptuse MWeterliamhhinmaydarans afithidemotedde vieact20nd 2, ahgrh
22a-122n for those events that are_initiated by the same remote device 120, 121, and 122a-122n that
detected the preS¥ifatay .eLB%%ﬂ?ﬁ%yﬁée&é%jé) ?oég%t%r%%{hgfg?%te‘ﬁ L 129 SERGL P5 55N to
disable pressurewwave dsiesiiontier adjestah preddwidine falsvidnpperaijystthenhtddan equipment
setting that would result in.a prfssure wave. Alternatively, th%ﬁgﬁering tthreﬁgolds e(lor a dtest ilizing
event can be adfiBT R ORLdBRRTRY ?hplpég%’ Rasss Sial operhtilg eVEnts S0ER that
destabilizing eveintsodjay siilob dletastadhrebileraceoustingyfdidihernasndt apeteting conditansn

Superior possiblehmethodcf include characteri ir%l%tnormal [ Iirtll({:' operatiﬂ ev& tstugder highnspeed
trend analysis a8 c%ﬁsﬁgfswgvﬁigatﬁ& 0 8%3}1%% e dcBbr'Chatac grescaendvk%l)rl1 arle\9|ewing

these hydraulic sigoaityas wittgeipitaally ddieimiord Stanaarepaeviatioharihiestiida prayibéngnan

enhanced discrimination of destabilizing events from .normal pipeline gperating eyents and nojse. This
will provide an eﬁg]éﬂ%at‘rf‘él %F%W&& inﬁatﬂ(gaﬁ%n%er‘éﬁgﬂnof a%?lr%sra.ee.,o algéa%'\la}rllrlﬁ%%ylﬂﬁcguéﬁstem,
[0050]As mentiodedraliaite; dididignornmak apserbiiauaftthle duipeatipe: sdvatkardattos piegsusenivaves
are generated thf f\re.not ﬁ{[tribu%abtl.e to afdestabilitzir}lg eventﬁ but nonetheless createy@%?s re activity
that could gener W %‘ﬁl%rmesig%gﬁ Phe LorftrolfCEREET 1365 rer%%etsesﬁgvi‘évggefzo, 122°can
factor in pressurehaganesiaticibpecktatnairalalpiesoe cpet atidieafiine ge wensesceart bécdkiscounted with
the necessary adjustment to the alarm triggering thresholds to reduce the number of false alarms
generated. Currdfif22dnitoringlsystemthgenspate dichsgndssof alaent®in @ givendday oopipeiing
operation. Many of these alarms are false, .yhich result in o s ejther glearing.or. ianoring low
ovel alarms. ThS RS e S BB e AL e, b
also desensitizesithelopersgorvionte spotehtidyldiy bedbattionafTthe slissoumdifi) oflpre§sesantives
associated with known pipeline aperatj thei ceptabl Ct} n adjyst f the
triggering threshgfélsset%eartz(?o gg}le%eéﬁe e@%&e@é%%éfj y%ﬁﬁgagtg gg;/l?angﬂ ﬁ%or?%%e?e%g}%% é% at
least 80%. This reypresditsuscsigriifichagnesingtimiirhiple ankeatolowthjeveludesthbibirms, svhith
provides the obe(aig’ Wi TAEHITE I0ISTRICP Bt Al AlAIRANthalRRIRRONAAC Ik Ifyealal s
indicating unstable operation before the unstable operation leads to higher level alarms and potential
damage to the pipetimeci@d3nipacsroerths pipelde thetivddrnaddn ergarihy tieradlectishotiressure
waves to the RT%a% O%lg e femote devices 120, 121, and 122a-122n interact with Data
Communication Module 206, the SCADA Application 204 and into the database 208. From there the

RIO 210 retrieveﬁﬁﬁ%]data as et Bnis AGA N Fer 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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[0052]Once a pressure wave report has been received, the RIO 210 waits a predetermined period of
time for the%%wﬁrsgg&ance of the pipeline network 100 for other pressurg Wavs 1epois;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 time period to wait is determined by dividing the length of the pipeline by the speed of
sound in the fluid contained in the pipeline. [0053]Pressure waves caused by normal operation of
pipeline equipment are to be ignored by the RTO 210. These pressure waves are cgnsidered "Usual

Suspects”, whetG&RSy HeRswires te oXaREing SERt N QIR B A0 CRF 3T malciBrssgsed

momentarily magkinghnomalRinelingneoapmpet ackien oAb Rt AdbTudrthishthe BasOchtlof
maintains a table listing the various normal, operational pipeline a tiviges that cause a press&re waves
9

301 and stores vitfh SRsiERABRLO & YRS it o GHr Rk P RESPEAS R 51 PRI HTHREE ity to

reach each of the\presisypersens Qs didaas Inl 2 Hpclhe: pipeVine AeNEECLERNT BpcRTIG: 218rust
compare each of the pressure waves 301 reported by the ﬁ)"(rﬁff’s?é re sensors 112a-112n wjth recent
!

activity on the pifHHeP RSBSOS fBRTeBRelde L aY ABMSAROMEVIREHIASNBI Pihe time
of receipt indicatesrtbattHagyo Nipiaatsch Bl RPN etvito IpRetdieraxaatipletof shp gpgeation of
the RTO 210 to identify and update Usual Suspects are illustrated as pseudo coge under "Update
Usual Suspects"&i™Miz8 Sarsadiscrl i ASHENHE AR RR S S SAcaBHhBSPS RS Lnsed
wave to stored leakopepiileso THessmisiemavpweyers hisyedniaglerdabilitihs betavisentaehyeak
may have a unique profile. As such each Ieal@ ay not be identified. Unlike the prior art systems, the
present inventio? HOMpaF yp%%@ﬂ?é%ﬁa{%? Fholfd GPerating conditions or normal operating events
not predetermined leak profiles. As such, the present invention can more accurately detect an
abnormal operating condition with greater accuracy. 100541Having assembled a list of pressure
waves 301 that @defrbdsdrifnipnhef desiDatdinkigisld 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 tjaations. Thiscnfaycpeinora dyodreanging thges até aionprinaiirccrhiogioaloager, and
then selecting the first two from unigue stations 106a-106n whil counting for any sonic wavespeed
character differeﬁ%ceosnbef ﬁ%%e%}tﬁgg%ir 8 %P%rrgl ee\goeqr%%lﬁl%g\{%tﬁlelﬁaﬁle?%g&lso.qlr?i%&(}leﬁoe?rﬁ?r%ﬁgﬁeof
whether this pairtofitetestians v rack iiegafaynitenbedéidarindd lilstrdeahenfollodingaguation: If(

12:41) < 121 Theypfheoair is prackeling pait Wheret2 = e of e s6e00d ARIRCINM certain

aspects of the present techniques;

[0026] FIG. 2 is an exemplary embodiment of the control center of FIG. 1 in
accordance with aspects of the present techniques;

[0027] FIG. 3 is an exemplary embodiment of a pressure wave caused by a

rupture in the pipeline network of FIG. 1.

[0028] FIG. 4 is an exemplary embodiment of a display shown to a pipeline
operator in the control center of FIG. 1 in accordance 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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t] = time of the first detection; and t21 = time for a wave to travel from the station of the second

detection t%ﬂ?ﬁkﬁﬂ%@é&& the first detection. That is, if the time differential iﬁ,eg}l%r %ﬁﬂ&ggh for the

wave 301 to travel from one station 106a-106n to the other, then the origination of the wave 300 must
be between the stations. Should the chosen pair not prove to be a bracketing pair, then each
additional pair must be examined in turn to attempt to identify a bracketing pair. (0055]The
identification of a bracketing pair of wave detections provides a method to determine the location of the
origin of the wave 300 (or suspected rupture). The following formula may be employed to make this

determination: d®T=tts s priion. s 13 15teeeq fonsdllptia s nte frorfoptingsthfol e Bon

where second defgctigftaearrigel (PWATis PoRialatignid Qe e At whe reuiirailetecitomosstsied. t2
=time of second detection t1 =time of first detection d12 = distance fr%m, pump statjon where second

detection occurréF Ao AT BRSNS AhGEETEYS VB8 e W SBE P Esi RS of
sound in fluid) [09BGLThHe eetegtiansd a pressure wave 301 not due to operational activity by

[0031] The present invention is directed to a system and method for detecting
the occurrence of destabilizing events in one or more pipeline networks. The
terminology “destabilizing event(s)” is intended to encompass any event or activity
including but not limited to leaks, ruptures, equipment failures, equipment
malfunction, process errors, ctc that may have an adverse impact on the stable
operation of the pipeline network. In particular, a real-time optimizer (RTO) is
utilized with a Supervisory Control and Data Acquisition (SCADA) unit to detect
destabilizing events in the pipeline by detecting pressure reactions within the pipeline,
comparing these reactions with empirically determined acceptability for the current
pipeline mode, eliminating those reactions caused by known pipeline events, using a
method of sonar distancing to determine where the pressure reactions originated, and
evaluating other real-time operational data to corroborate the occurrence of a rupture.
The RTO is an expert algorithm based control system designed to optimize the safety
and minimize the environmental impact of the pipeline due to destabilizing events
while effectively managing the generation of alarm events. To enhance the detection
of destabilizing events in pipelines, the RTO analyzes concurrent or real-time
operational data from the SCADA unit. From the analysis, 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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two stations which are not bracketing cannot be used to determine thc origin of the pressure wave
301, howevegr it st |des more location information than a single press ion. In this
case, the R?yc? %i@’é%gngegetermine which side of a station 106a-106n thc prgs%zrﬁng@?ﬁ%@%%}o
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 th¢ pressure wave is on the first side of the station 106. If the

pressure wave 3012 dstecteerny febitEdPiocdiaionttisitsedfd S tiand Betibhrivs Wetdie it is

detected on the egiiRsPRRENESERSON BB Prediksisideotibamtatianhatdhaitbe ariginsakiider
pressure wave is on the second side of the station 106. [0057]The RTO 210 alao R)1|?ﬁrgvioles analysis on
t

the trend of the PrOSYGF S8 ¥shbsEr R HRC B e W tAet JrRUIS oW 4D L HERE IR BHE ML Fod to

corroborate a degiphiizingi Bxe i eak an e withdh)eindialde yenisignatuiedlatectibshis-éaieidimpare the
slope of the subject segment's nodal pressures from before the ressu[% ! ve. 301 with the slqpe of

the same nodal Pra€tFe e Hfishess tharuaan Y FaRwatition s SireRepl @l ated
by the RTO 210 hystigsingta. narpb e vidl yesairiliel presayraélane pisdriekivinbeandimegangfinly
brief time intervals. The slope is then determined by the following equation: Slope = (latest pressure
value - oldest praSsideomEpedi hetriEovs eﬁtttﬁ%%‘ikﬁ% 38&%1‘]&%%? li'orﬂ"i‘g OREBYr8N58%E 301 is
compared with theslepeiaftehibeniy essbedinane isGlerithéoslopentiasrdgargased bya viaduagreater
than that of a pre-configured parameter, the trend of the pressure has changed as.a result of the
pressure wave 3 ?ﬁﬁ@%@‘%ﬁ%ﬁ%ﬂ%@%&fb%s%gﬂ% Fbﬁ’ﬁ?adé’%% Fe 856 oheays:
destabilizing everarfoberimathgipalies| 4 wialisticalyappiorehds atenustible feugh asi@te ofkbange,
sum of deltas, or combinations ther.eof{). 1%&58]The RTO 210, if mefeterin%is available mag%also
provide analysis SRS TSR SRt HERARI S MAdIAIRNS fBSiBRRIRE SIS A & b8 \AB% 8B rate
the results of thepprasssibeamehes detection. The trend is determined by obtaining the measured flow
rates from the meters 108a-108n at all entries and exjts to.the pipeline network 100 S ing
them (in flow pofﬂﬁl@,]out flow glﬁfwg)stﬁf@ﬁécliﬁgaéib:?ﬂdféc e%ﬁ&a%%%’éﬁ%@%%ﬁﬁg’ RTO
210 is illustrated @f: peauda: cedsoas I's2are litie fododatiad underreRIEEVEItDidgctiorticpppendix A.
The results of thig%L umn@tion arc tg,reépﬁcompared for befgre the pressure wave 301 and afteﬁ%ihe

i

pressure wave 3019 ST RGSH 8 St L85G By'a %I}ﬁgsg?leeﬁ CEhAROIRESF Y preXttigured
parameter, the triéaquehdhelnet fGFDapwhpngad/as tgdiull dfthepprasserenyae I3Qh; bl this

information corroborates the possibility of a rupture 3 r other destabilizing event. 10059]if the
SCADA AppicatBR GRS ES e RELL IR AL AR AR o ST ) A4t of e
detection, done Wysceutparingavolimimenidripgmanthiéayir@pihe0pipelsndoetwiarkiz00 aithRize ¥olume

in the pipeline netyork 100 then RTO,210 erform yet another corroboration,.A typical line
balance functionefv\@:‘ﬁ %%%1.% i@gﬂéﬂ% § E%@'ﬁﬁ%@ﬁ%%eﬁ{)aﬁﬁ m?elea%é%gé‘é ) %%éfbees, {I%%Wrﬁ as the

line balance divelkgenake repetisentingottkel O0amgehowthéniffipalance of the line balance calculation over
a short period of ti typically.a few minutes. The RIO, 210 provides apalysis on the tren pﬂe line
balance diverger@@%] corrobcﬁzotént%%a%gsﬁﬁs glfoﬁ%éof)?gsesapgr\?\}éovne ¢ etﬁelce:tilc))llli) N %ee Itlreét‘rﬁjg rl% gé érmined
by comparing the sliops (woather hatbemhaticed, sustatisticahc@mpanisom) o fithecks el Ba)aritde and
divergence over time from before.the pressyre wave 301 with the slope of the line balance divergence
over time from afier%F\fle?%aésag%r%1&%16\/({;{9Ocloﬂgeﬁévasl}§pceogﬁﬁglﬁ#§ §3 égnaé)eo Ve regrgtr%gléa?ssggtllg&lséted by
the RTO 210 by sthiihg iacludeberovatuessettitnss live halagegpuivergeatos, fatpledetermined ¢ihhe
intervals. Under 'i)he exem Ié%‘method t@e s{)oe;ggtis thﬁn det§rming)d t%){ the folllowin%tgv%lflgti%:'

arameter , pressure, tém ure, tTow rate, ctc.) of the pipeline m

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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Slope = (latest line flow divergence value - oldest line flow divergence value) / (current time - oldest

time) A spew‘g ﬁéﬁ%ﬁlﬁzof this operation of the RTO 210 is illustrated as P$ Lf%)s r"Get
Line Flow Data'z?’n Appendix A. The slope prior to the pressure wave 301 is (‘:%ompa‘lﬂrgg3 wit gfhe slope

after the pressure wave 301. If the slope has increased by a value greater than that of a
pre-configured parameter, the trend of the line balance divergence has changed as a result of the
pressure wave 301, and this information corroborates the possibility of a rupture 300. Beneficially, this
corroboration will occur prior to the line balance function determining that there is a rupture 300. As

multiple indepentf38torroborktifly fata Femaft 4 Yaswer mtic b iR ine Halroe Ve AR Rurther
support rupture lgRlioRd:d OPRRITRERTIRy262, Byiminsiagodatrara 06e, datbhasa Lakingtifes the

operator of the pipeline that a gossible destabilizing event has occurred based on res%ure wave
t

detection and ot FRBFroaFARFRIEha SRR ik AR R ARl i B L ASi RRIRNO AL S RE¥ pecific

exaénple of the qaefaaﬁﬁtgpra@fﬁpﬁﬂ)bmﬂeee&@ﬁéﬂtisﬂﬂk@t@a&m PEeUdnCadadiutde witiahte
Incident Report" in Appendix A, The RTO 210 may repart different levels of certainty to the operator
based on the levRIPSHEG MK SV AfabIENAS ﬁﬁ?ﬁlﬁﬁé%?ﬁlrgﬁoﬁ‘ﬂlf&’@%@s(?sgsth%r]tﬁé)?'in Table

1 below. Level 1 repiesdnis thedaidlest oga) ahessaioty thakd roptues 300ikae dWithe distance
2009/158602PCT/US2009/048831 occurred, while L evel 4 represents a loyer level of certainty. As the
RTO 210 obtaindHRe CRRIER e S TV DB TREGHBY %&Yﬂ&ﬁbﬁeﬁmﬁsﬁﬁﬁfoﬁ?&tﬁd’ %é%la%ber may

change. Tabled|@@akditGr Miscn esemparyAlovachashelepiCting ihadisalefites RID RL04nd
122a-122n may operate as a central collection location for the data from one specific
pump station 106a-106n or other pipeline facility. As an example, the operational
settings may include data about the draw rate, pump status, drag reducer additive
(DRA) injector status, valve status, DRA injection rate, variable frequency drive
settings, flow rate in the pipeline segments 104, height of fluid within tanks in the
facilities 102 and 108, fluid temperature; pressure in the pipeline segments 104,
density of the fluid commodity, and/or batch interface. The remote devices 120, 121
and 122a-122n receive, process and store the various control signals in local memory.
In this manner, the operational settings for each location may be efficiently managed
for further distribution to the control center 126.
[0036] The remote devices 120, 121 and 122a-122n interact with other
devices that may be located at one or more control centers 126 via the network 124 to
further process the operational data. The control centers 126 may include one or
more facilities, which house various processor based devices having applications
utilized to manage the equipment and monitor sensors 112a-112n or meters 108a-
108n distributed along the pipeline 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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the pipeline network 100 with the SCADA unit 202. An operator of the SCADA unit 202 may utilize the

RTO 210 tom%gylgﬁ%??estabilizir!g event detectio_n for the pipeliqe net\{vo%:ll.ﬁ%z é?)%gggibgd be.low.
[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 Applicatisf 2bRs e ol st Rthntrmeihsancs $tdy wosHst odsieraitdhggisyiees

corroborating degtailiiziRa-6Ne0L S8IRElioNs i el GHiFeAbLRressY s Reifetiieyed from the database
208 in Step 410, stored within the RTO 210 and analyzed for firture use in corroborating destabilizing

event detections!RAYInewly réteRASHRreslire WaleFedSHRSHRCE AIBSHRRCE Y 415 FYSHTEH

changes in measyVegtarameaiaistadiie pigelne TiRiweniréDoda detesminetnbeiher abhvsihadressure
wave report was caused by operational activity. If the wave report was caused byr%pdeé tional activity,

it is removed frofPIlidPOrIrEREY RadeS™eEtd e drdal 284t e S5 In‘Sted 414 a
determination is spadechatagicamat HiRRTE ALEIEWatngHe depeile adeitionappressuiriwave

detection reports associated with a previously received report. waiting time in Step 414 differs

from the timer setiFSRE P 0R ’ﬁlﬂ@eﬁ‘éﬁfbtf‘is Xs{‘ﬂ:fSrf@f“.t‘ierllec ‘?ﬁ@?ﬁﬁ%@ﬁ@%&%ﬁ%ﬁ&é&“ﬁwgn the

wave speed lengifid dhe waitiRgitmessspihassopadshvdast peksibleonyedspred 2if4aressure
time.it would take to receive another

wave is detected, then the waijting tirgegvill be bas,ee% on th;z

pressure wave iF4HAHHRESE R travdhali A Sigik Q%BE%YE) EPRR PP SFHRE WL SRS is yes
and the RTO 21Qjsrwaitingdqripssaciatestreperise thendne tpkratanof tisgysemmproaerd9?2o Step
416. If the determination isépeggtgi;/lﬁd(sil?e., no asso?iﬂ%dﬁrgessure regorts fgg recelveﬁ) then the
operation of the /88N HfSed &SSP (S RLEY Y iidatal ittty o8I
Step 416, the conieriassasiatgtbwit s @aDAg ot casdoiaied feponiscd SGananiads Ihiawagater is
then examined in Ste%e]%%to determine if the waitingperiod has expired. If the waiting period has

expired and an 38§48 PSR R EP O SERITE AT PHLTTHACSE the received pressure wave
reports will be prpggsssed in StgpeAR0 ADde ezt wbethias therealiaditankeating detectigasicatsa single
detection, the pozsible ssociateﬁ]rlé)%zlition ang alarm Ie.vel.tfln %te%f) 42rg, A t%etﬁrrrgnation igi.rtnade as to
whether or not tH8%P4 gfglpséjr% e ]i]r?tﬁlésp 220f00sY'E pc?ssrﬁb &P Puptoure.eif aulpogngFelo ésl‘,?g’lbilizing
event was foundFdieinpeafiatiothprSceeis tanGtepi22hiyhéel ade inciS€ADApappkcateate?)astaiown in

Fig. 5 and the corrobqrating factors exaﬁmined to determine. if corr?bo tiotn h?snocgly({/rerd. Adgl%tice
and/or an autom&tc"SSh ?ﬁ%e?ﬁ@%%os ST, BPEG Ve Thedstra 4 d%?—.{ﬁ&l?s exeCted s ong with
the incident reporisiagh thabiiweatiparafohopipeiaystermain tkeTheB opate apelasuies 2043atate the

ek Imt pl Fam SIS T RO (L S sRA LI EsE e R qqunore
where the proceaadsorep€&dbyf @omnﬂsﬂy{ad&st_hbﬂiﬂm@mie@Si)i,dht_a:tifiédh,etme\_anétazw
poceets o Sepisganyedie QA RIRTISIN e AL R WhePIGe T
determined that thenRi@Mi2dowasmmatule 206 includes a set of instructions that manage
communications with other devices (e.g., request the operational settings from the
remote devices 120, 121 and 122a-122n at specific intervals or provide equipment
settings to the devices 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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waiting for associated reports, then the operation of the system proceeds to Step 426 to determine if a

new pressuw(yv&\ﬁ/{ﬂs%%gtion has been received. If no pressure wave detegpﬂﬁ%{(%gﬁj%&g%the

operation of the system proceeds to Step 430 where the system waits for the timer set ep 404 to
expire. The steps are then repeated with the setting of the timer in Step 404. If a new pressure wave
detection is received in Step 426, the operation of the system proceeds to step 428 where the
initialization of the data records for tracking the new pressure wave, the setting of a timer to wait for
associated pressure wave detections, and the saving of the pre-detection corroboration values for

future analysis oERNES THECHpIRABH HHIAR SHEIRRT HEPPTHLINNAL (P LTS Fa% OO MRS R REES dfem

waits in the manggigeseiiased abayeitiNReSlAs Discusasd abrydoknaendection with Step 424, an
incident report is created when a pressure wave reports indicates the occurrence of an event, The

incident report MY present8d* P ErdBRi CRFIEN SNSRI AR fB?HWESOW@Va{?ﬁ. An

audible notificatipregeak@ls prfi@vtedsctha@iop)icathses tisisicadviaysbeiaamndawpiotieed to
the operators via the SCADA unit 202, which includes graphical or textual data, a report or any other

suitable data. AERSHPIR GF IRPEIIRIcH ORSR IRt PRt RRI PRI RISEHIRLEDPEen view

is merely one exgipglacohafvi&ident repestdhatdnalkHecpresenEdHomayopeioh As Sasthiers,
appreciated, additional opera}ional seitings and.data may be presenée&in other embodiments.

100681The scre8H3RBWIHEIET & SOURMEIPTHES TEN0 B9 W R HR SRR RASHES LTS STHNEE B&¥%tion

500 reports the dide mathdendispsyhiahtdhie dirsiquessueonaye atedignaetucstoHeactipsimidiy reports
the current alarm level assigned to the pressure wave detection using the customizable alarm. level
matrix presented VP & (/él.sﬁéﬁta‘ﬁ@é??ﬁéoélW?@%gé’%gibﬂb@aoﬁ)elfﬁtgranogﬁfsf?gﬁ‘og{bg&'rbIe

destabilizing evewhiigtactiomdna shangecongioligigs astioieroHobDtating by aliktahtispeonigieted,

the date and time at which each level of alarm was reached is displayed jn tion 504, If a certain
level of alarm waSTERYRISEHRR 8 Hha 'EWFﬁPdﬁ?cti%?ﬂtFPTs 98Y1§%5p|§jé18'§$t s &dyidhe data

[0069]Section 5Qkismisedaidotiaslsdnd pgooti WeBEAIhe inviestigatiary pacuishet oydteodperitor has
been completed or not. If the apalysis.py the RIO 210 was able to determine a location (bracketing
detections, or tw%’%‘ggegfﬂ?'né%ﬂ%%élg%{ael&tf fiesy RN r@ﬁ&? ah sé{}ﬁ%ﬁ%&a%%%?iooﬁ 510
provides detailedvipferivatiosrandiie priessurecwvavardatactionds), that warealse dhidwaisivedt thealocation
by the RTO 210 during, its anal%ﬁiﬁé' Section 512 regorts the s]%atuts of th]{e ﬁ ressglir de aﬁg’corrgporation

for the upstreamnseltgsf #?Suégat{ B t%t%rgﬁoﬂ?ti‘fJﬂre%S%, WREHE R s Bl |?15er &5 Reéomplete,

gress, o
whether corroboratieorisasfotsnthiaropetabention il dotefpotisith esiatss aff thenetesskirzl ddoayhe

corroboration for the dpwnstre tatign us %}I‘j? %@A&etectl %it exists, whether it is ti|hi rogress,
or if complete, Wﬁ%ﬂ'ﬂgf 88‘(%8%%2%%‘213 saﬂ)% SEr n .AS%%@(?}? i%ur%%éﬁg ff %tti'ialpusse (ijltlleeal%le flow
divergence corrofheration, whether it is still in progress, or if complete, whether corroboration was

found or not. Se ﬂ8n 118 repofts gherg%gtﬂlse ofith([alllien?l ek%gvlgrf(c? 'V% ence g?orront%grsatoiogfa\{\l/hgt eritis
still in progress, |f‘g mplete, WHEHE cOrfobBration Was found or no?.p[ﬁ&& (5] S disclissedabove, the
system in accordapicecwidtisthmoresent of the control devices 214a-214n.  These operational

instructions, which may include equipment settings or flow rates or operating modes
(i.e., tight line mode or draw mode), for example, are communicated to the SCADA
application 204 through the data communication module 206 in the SCADA unit 202.
The SCADA unit 202 stores the operational instructions in the database 208 and may
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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invention is effective in managing the generation of alarms in order to reduce the number of false

alarms. In %’%ﬂg /qs.%% ntemplated that the present invention is useful inf&%ﬁgﬁi

@Omgldiagnosing
destabilizing events and recommending or automatically executing potential remedial measures. As

discussed above, the system is useful in identifying the presence and location of both 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 zﬂainst the expert system's empirical

knowledge of wHM S APeht hitele Hrd Rmincknardetiec R SRMBBICHES Rk MOLLRsRRIGhg all
SCADA-known sefpipintanderigippenosiatis agaipstdpiar etatied ant ExpeciedepaeieTihie

expert system could then automatically execute a corrective measure algorithm or, if preferable, issue

a corrective meaSIHOHEREESHH AR (1 imAPFISISRI S12 e AN BTl A Brsrora eI Sh P RIS
destabilizing evepiiBpsahai@sinQraioh lengestBRlzingeuantwitiajpotantial catasogieimgpact on
the pipeline. It is also contemplated that the control center 126 can initiate a remedial or corrective
measure to respHHECdedégﬁbfﬁfin@%@&%s%%%ﬂfﬁaﬁ?ﬁaﬁf@ 6%%‘?aﬁ5ﬁ91f5617 Pt W BESRSPAYENt to
those skilled in sgthjgsiserielated to the art that various modifications and/or variations may be made

without departing from the scope of the present invention. While the present invention has peen
described in the%&ﬁ‘t’e’xt of a ﬂéliﬁL@,RH@W@%‘P’H&W&M?B%W&&E&W&' b8 ot Yather, it is

contemplated thabtim@ESRiltinventias Lailibe 1Wsed ihpipéndataundliografinpagnpsd Ivatoidiemical
processing operations, upstream and exploration operations, and an%/ other operatioi]ﬁout ide ?f the oil

and gas field that ISEBhESSRdBSRIRSER yiRG FRCURDIR BRErinibrs PBdhisscaltd thailitLhowing

therethrough. Thus, dtrif iplendedribaidhe pressptinvenfiaroevers hel modifications aihviddations of
the method hereirh provided th }éfcome witEin the scoge of the Qp\%?.endei claims %n their e@uivalents.
‘% th

Appendix A PleabBihdte e PLElms doRRESIATIMES AlafREd Aitpus-C IRy SARGEHS of the
text, which is incliggedrkel 00 wrdab thenteispeetiteit erdlingsaRpieraences o thastejiendciggehcsefer to

pressure wave detection. RTO Event Detection On a one minute cycle, for each pipeline Calculate the
line balance divé}&éﬁ%@%|8p1§§)05§(gﬁ§%§)é§848%ﬁ1§%|8%t&§31& ed&%?ﬁ‘é‘i%@éfrﬁ%\‘l%él\tllgﬁtadl &Ltions

***(LOT) particular compromised areas (corrosion) or lower rated pipeline elements, may
rupture, as shown in FIG. 3, below. It is also possible that the pipeline equipment
contained in the pumping stations and elsewhere may fail or operate improperly,
which can create unstable operating conditions that may lead to a possible rupture.
Furthermore, unstable operation could result from improper operational instructions
entered into by one of the control devices 214 by the pipeline operator or the failure of
the operator to adjust the necessary operational instructions in response to a change in
operating mode or a change in the fluid within the pipeline.

[0042] When an element of the pipeline network 100 ruptures 300, the
pressure at the rupture location rapidly changes, as the first molecules of 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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If trigger settling timer not in progress If (at least one trigger Change of State (COS) has occurred

during 30 5%28%0@’]5‘%20%&” the trigger settling timer Start the upstream a@%{iﬁ?ﬂﬁg Apspressure

decay timer Save the current line flow value Start the line flow divergence timer Save the current
calculated line balance divergence slope value. Start the 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 O (timer expired) Process triggers ***(PT) Create incident

report **(C1R) L L
also create a pressure or sound wave within the pipeline. Such a wave may not be as

high as those associated with a rupture.

[0043] Many of the prior art systems, some described above, designed to
detect ruptures in the pipeline network typically do not use detection of a pressure
wave in their analysis. These systems depend on a balancing algorithm to determine
if fluid is leaving the pipeline at an un-metered location to determine if there is a
rupture. As may be appreciated, these prior art systems require that a sufficient
volume of fluid has left the pipe through the rupture before detection of the rupture
can occur. This can result in a significant environmental impact in the area
surrounding the rupture as inferential measurement systems are commonplace and
relatively lethargic with respect to hydraulic wavespeeds and the ensuing segmental
decompressions that follow rupture events in closed pressurized hydraulic networks.
The systems that do sense acoustic waves described above only isolate ruptures and
not other destabilizing events that impact the stable operation of the pipeline network.
[0044] To provide near real-time detection of a destabilizing event including a
rupture 300, and thus allow more rapid and effective action, a real-time optimizer
(RTO) 210 is utilized for analyzing operational settings within a SCADA unit 202.
This enhances the operation of the pipeline network 100 in real-time to respond more
effectively to destabilizing events.

[0045] The RTO 210 may be implemented as one or more software programs,
routines, software packages, and/or computer readable instructions that interact with
the SCADA unit 202, or specifically the SCADA application 204 and database 208.
The RTO 210 may also be written in any suitable computer programming language.
Through the RTO 210, additional functionality may be provided to the operator to
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 (bracketing triggers found) Recalculate the line flow divergence timer by subtracting the settling time

value from %%ﬁg[gg@&e Stop Time in the Distance Type structure. Rec §2%3/J)iﬂa’§ alance
divergence timer by subtracting the trigger settling time from the Line Balance Divergence Time plus

the Divergence Imbalance value. Else If (one trigger found) Cancel the downstream pressure decay
timer. Else Do nothing and continue For all upstream and downstream pressure decay timers in
progress. It's possible that there could be both upstream and downstream pressure decay timers in
progress for the same pipeline, one set of timers for the current incident and one set of timers for the

previous incidenP AISPHRNASHSHHEME i Bregrads Tren AR RItEdRT REST h AR Seetirhst Before

the existing presgiygigrea4tageaxpiadyl ikarprRROuAL aRALMIBEL G 8rtI3ual SUBREGERAR dusly
occurred) Set the trigger in progress flag to False for all pressures Set the pressure decay statPs to

Aborted for all in"pigFestrd SsiiRoe anket thESLGe i preatiite WA Siler, The clectrica

representation of the pressure reported by the pressure sensors 112a-112n to the
remote devices 120, 121, and 122a-122n is typically measured and processed by the
remote devices 120, 121, and 122a-122n at a high rate of speed (for example, every
50 milliseconds). This differs from existing pipelines, where previous values are
typically discarded and values are transmitted to the control center 126 much less
frequently, for example every ten seconds. As a result, the implementation of the
system according to the present invention may require modification of the remote
devices 120, 121, and 122a-122n to perform statistical calculations on the pressure
values. Specifically, a standard deviation may be calculated for the pressure values
collected during a short period of time (for example, 15 seconds). In accordance with
the present invention, the calculated standard deviation is of a rolling nature. For
example, the standard deviation is calculated using pressure values collected between
times t1 and t5. The next standard deviation is calculated using pressure values
collected between times t2 and t6. The next standard deviation is calculated using
pressure values collected between times t3 and t7. All subsequent deviations are
calculated in this rolling manner. By contrast, the prior art systems review their
obtained acoustic information in fixed intervals (e.g., t1 to t5, t6-t10, t11-t15). With
such a review, destabilizing events that start in one period and end in another period
can be overlooked. The rolling calculation of the standard deviation in accordance
with the present invention avoids this occurrence. The present invention is not
intended to limited to the use of an empirically computed standard deviation; rather,
numerous empirically based determinations (which are not based 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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Cancel the downstream pressure decay timer, if the timer is active. Set the associated Upstream

Pressure D%ﬁ%mﬁg’%@tus (used to drive the Incident Report) to "ABORTFPE,UEQ&%Q%?t Report

alarm level wi e updated. Set the associated Downstream Pressure Decay multi-status (used to
drive the Incident Report) to "ABORTED", if the timer is 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 timcr is active. If (there is pressure decay on the upstream
pressure) Cancel the upstream pressure decay timer. Update the incident reﬁort ***(UIR) If (there is

pressure decay GRCRE dBASIRSERN RESSOFESINE avEmdtis ddsvagreahBaftrligolnistradMiBressure

decay timer.  pipeline systems produce a particular standard deviation character for the pipelines
typical modes of operation while a destabilizing events such as loss of pipeline
integrity (rupture) will produce a uniquely different standard deviation character than
the family of normal mode standard deviation characters. Similarly, the start-up or
shutdown of a pump or an unstable operation of the pipeline will produce a uniquely
different standard deviation character than the family of normal mode standard
deviation characters.
[0048] In order to correlate pressure waves 301 between different pressure
sensors 112a-112n, it is important to have an accurate measurement of time which is
synchronized between all the remote devices 120, 121, and 122a-122n on the pipeline
network 100. This is accomplished by providing a receiver and appropriate additional
electronics within the remote device 120, 121, and 122a-122n to allow highly accurate
time synchronizing updates to be collected from the transmissions of satellites used
for Global Positioning Systems and provided to the logic unit of the remote device
120, 121, and 122a-122n.
[0049] As noted above, pressure waves 301 may be caused in the pipeline
network 100 through other means which are considered part of normal pipeline
operations, including but not limited to the starting and stopping of pumps 110a-110n
and the opening and closing of valves. It is important that the pressure waves 301
caused by these events to be taken into consideration by adjusting the alarm triggering
thresholds in real time or removing it from those being considered for rupture
detection. This may be done at the remote device 120, 121, and 122a-122n for those
events that are initiated by the same remote device 120, 121, and 122a-122n that
detected the pressure wave. Logic may be added to the remote device 120, 121, and
122a-122n to disable pressure wave detection for a certain 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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Update the incident report **(UIR) For all line flow divergence timers in progress. It's possible that

there could %&I}{g@&gw divergence timers in progress for the same pip%l'&gUg%J}mgg fpr the
current incident and one timer for the previous incident. If a previous timer is in progress, tlzlen a new

incident had to have occurred before the existing line flow divergence timer expired. If (an operational
trigger or a usual suspect has just occurred) Cancel the line flow divergence timer Set the associated
Line Flow Divergence multi-status (used to drive the Incident Report) to "ABORTED". The Incident
Report alarm level will not be updated. Else Decrement the line flow divergence timer counter.

Determine the lidSH3Ww YETEIcE 4 BYLEB) it r ssqiny Asw! v WES UpiAtS TR Breport

“*(UIR) For all lipadaimraestivesaenes tims sircmmonie seoligingsaiblanbat dhatp aaulddopivet line
balance divergence timers in progress for the same pipeline, one timer for the current incident and one

timer for the pre\BUREIRENE VLRI N HRE P BFogPSEL A Y S AP At had't WAL e
occurred before prgveadsitnertiag batapr eodivprgence thegemxpii@dof alarms (i.c., false alarms) by

the system,

[0050] As mentioned above, during normal operation of the pipeline network,
various pressure waves are generated that are not attributable to a destabilizing event,
but nonetheless create pressure activity that could generate an alarm signal. The
control center 126 and remote devices 120, 121, 122 can factor in pressure waves
attributed to normal pipeline operation. These waves can be discounted with the
necessary adjustment to the alarm triggering thresholds to reduce the number of false
alarms genecrated. Current monitoring systems generate thousands of alarms in a
given day of pipeline operation. Many of these alarms are false, which result in
operators cither clearing or ignoring low level alarms. This not only reduces the
amount of time an operator spends addressing each alarm, but also desensitizes the
operator to respond to low level alarms. The discounting of pressure waves
associated with known pipeline operations, their acceptable reactions, and the
adjustment of the triggering thresholds thereto can be effectively reduced by at least
60% and more preferably by at least 80%. This represents a significant reduction in
the generation of hydraulical alarms, which provides the operator with more time to
respond to actual alarms and also respond to low level alarms indicating unstable
operation before the unstable operation leads to higher level alarms and potential

damage to the pipeline.

[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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If (an operational trigger or a usual suspect has just occurred) Cancel the line balance divergence

timer Set th q_?g?}gg i_ine Balance Divergence multi-status (used to d”‘i?c‘P/%éE‘&JS’ﬁms port) to
e e

"ABORTED". ncident Report alarm level will not be updated. Else Decrement the line balance
divergence timer counter. If the line balance divergence counter is O (timer expired) Determine the line
balance divergence ***(DLBD) Update the incident report ***(UIR) Else Do nothing and
continue looping On a thirty second cycle, for each pipeline Check for a trigger ***(CT) Calculate

pressure slopes *(CPS) o . o oo
time period to wait is determined by dividing the length of the pipeline by the speed

of sound in the fluid contained in the pipeline.

[0053] Pressure waves caused by normal operation of pipeline equipment are
to be ignored by the RTO 210. These pressure waves are considered “Usual
Suspects”, whether by reviewing the Usual Suspects' hydraulic character for normalcy
or by momentarily masking normal pipeline equipment actions from RTO2. To do
this, the RTO 210 maintains a table listing the various normal, operational pipeline
activities that cause a pressure waves 301 and stores within that table the time it
would take a pressure wave 301 caused by that activity to reach each of the pressure
sensors 112a-112m on the pipeline network 100. The RTO 210 must compare each of
the pressure waves 301 reported by the pressure sensors 112a-112n with recent
activity on the pipeline, removing them from consideration for destabilization event
detection if the time of receipt indicates that they originated during a pipeline activity.
Specific examples of the operation of the RTO 210 to identify and update Usual
Suspects are illustrated as pseudo code under “Update Usual Suspects” and “Is a
Usual Suspect” in Appendix A. The prior art systems compare the sensed wave to
stored leak profiles. These systems, however, have limited capabilities because each
leak may have a unique profile. As such each leak may not be identified. Unlike the
prior art systems, the present invention compares pressure waves to normal operating
conditions or normal operating events not predetermined leak profiles. As such, the
present invention can more accurately detect an abnormal operating condition with
greater accuracy.

[0054] Having assembled a list of pressure waves 301 that occurred 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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(UUS) - Update Usual Suspects This function is called by Event Detection whenever a usual suspect

point chang%siaégll'ggr@i‘unction is used to update the usual suspect times},@ﬂ%'%%%éggitime list of

usual suspect points. This real-time list is used by the Is a Usual Suspect function in order to
determine if an trigger is a usual suspect or not. Loop though all the points defined in the real-time
usual suspect list of points Get the current time last of the usual suspect point. If the time last just
occurred (within Usual Suspect Just Occurred Time) Set a local variable to know that we found at least
one usual suspect point that just recently undergone COS. If the usual suspect point is a binary or
multi-status point Get the state! BPIHEURHEISHERLEHRERYEr multi-status point Else Continue If the

state of the binary or multi-statys geint isa=state sefireddoniddiealsime array or it is an analog point
t; = time of the first detection; and
t;; = time for a wave to travel from the station of the second
detection to the station of the first detection.
That is, if the time differential is not great enough for the wave 301 to travel from one
station 106a-106n to the other, then the origination of the wave 300 must be between
the stations. Should the chosen pair not prove to be a bracketing pair, then each
additional pair must be examined in turn to attempt to identify a bracketing pair.
[0055] The identification of a bracketing pair of wave detections provides a
method to determine the location of the origin of the wave 300 (or suspected rupture).
The following formula may be employed to make this determination:
d=05*[di+(t,—t) *ws ]
where d; =  distance from pump station 106a-106n where second detection
occurred towards pump station 106a-106n where first detection
occurred.
t;=  time of second detection
t; =time of first detection
di; = distance from pump station where second detection occurred and pump
station where first detection occurred.
ws = wave speed (speed of sound in fluid)
[0056] The detection of a pressure wave 301 not due to operational activity by
two stations which are not bracketing cannot be used to determine the origin of the
pressure wave 301, however, it still provides more location information than a single
pressure 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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Update the time last value in the time last round robin array for the real-time usual suspect points. The
reason we K%)Dz gﬁggji%rable round robin array of time last values for eac éﬁ§§£% 79! 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. (CT) - Check for a Trigger This function is used to check for an initial

trigger. Loop throtiie il HRIEBERE SraguLpELhe PR Bis B8N S iifesesantha ¢ iR B8 binary
reporting the TRIGGEER pressure Make sure the trigger was not previously processed (look in last
array of triggers ﬁ%{?_ﬁred). The RTO 210 also provides analysis on the trend of the pressures to
corroborate the results of the pressure wave detection. One method to corroborate a
destabilizing event leak along with the initial event signature detection is to compare
the slope of the subject segment's nodal pressures from before the pressure wave 301
with the slope of the same nodal pressures from after the pressure wave 301. The
slope of the pressure is calculated by the RTO 210 by storing a number of values of
the pressure from predetermined and meaningfully brief time intervals. The slope is
then determined by the following equation:

Slope = (latest pressure value — oldest pressure value) / (current time — oldest

time)
The slope prior to the pressure wave 301 is compared with the slope after the pressure
wave 301. If the slope has decreased by a value greater than that of a pre-configured
parameter, the trend of the pressure has changed as a result of the pressure wave 301,
and this information corroborates the possibility of a rupture 300 or other
destabilizing event. Other mathematical or statistical approaches are usable (such as
rate of change, sum of deltas, or combinations thereof).
[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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If trigger was not previously processed If ((time last of the BINPNT +

edTriggerJLW(gg&Byig ximumTime) > currenttime) and ((time last of the
edTriggerJustOccurredMinimumTime) < current time) and Is a Usual Suspe%lfﬁ%g)mr‘gtﬁrlns FALSE)

Found a trigger. Get all the trigger analog values for the trigger pressure and store the analog trigger
values in a real-time array. trigger wave amplitude trigger hours after midnight trigger minutes after
the hour trigger milliseconds after the minute Log a statement to the operation log file. Return TRUE.

Else
and leaving the pipeline network 100 with the volume in the pipeline network 100

then the RTO 210 can perform yet another corroboration. A typical line balance
function will make available to the RTO 210 through the database 208, a value,
known as the line balance divergence, representing the change in the imbalance of the
line balance calculation over a short period of time, typically a few minutes. The RTO
210 provides analysis on the trend of the line balance divergence to corroborate the
results of the pressure wave detection. The trend is determined by comparing the
slope (or other mathematical or statistical comparison) of the line balance divergence
over time from before the pressure wave 301 with the slope of the line balance
divergence over time from after the pressure wave 301. The slope of the line balance
divergence is calculated by the RTO 210 by storing a number of values of the line
balance divergence for predetermined time intervals. Under the exemplary method,
the slope is then determined by the following equation:

Slope = (latest line flow divergence value — oldest line flow divergence value)

/ (current time — oldest time)
A specific example of this operation of the RTO 210 is illustrated as pseudo code
under “Get Line Flow Data” in Appendix A. The slope prior to the pressure wave
301 is compared with the slope after the pressure wave 301. If the slope has increased
by a value greater than that of a pre-configured parameter, the trend of the line
balance divergence has changed as a result of the pressure wave 301, and this
information corroborates the possibility of a rupture 300. Beneficially, this
corroboration will occur prior to the line balance function determining that there is a
rupture 300. As multiple independent corroborating data permits a lower 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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Do nothing and continue looping Else Do nothing and continue looping No trigger found, return

FALSE. (Gl\ggd)zﬁogﬁg 'H}e Flow Data This function is called by Event Deteci;'toﬂlt%é%g/mggg e. 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. Loop
through all the line flows in the Line Flow structure Get the current value on the analog line flow If (In
Or Out Line Flow = IN LINE FLOW) Add this value to the IN summation variable.

occurred, while Level 4 represents a lower level of certainty. As the RTO 210 obtains
further evidence the level being reported to the pipeline network 100 operator may

change.

Level 4 | Level4 | Level4 Level 4 Level 2

Level4 | Level4 | Level4 Level 4 Level 2

Level4 | Level4 | Level4 Level 4 Level 2

Level4 | Level4 | Level4 Level 4 Level 2

Level2 | Level 2 | Level 2 Level 2 Level 1

Level2 | Level 2 | Level 2 Level 2 Level 1

Level 1| Levell | Levell Level 1 Level 1

Levell | Levell | Level 1 Level 1 Level 1

Table 1

[0061] FIG. 4 is an exemplary flow chart depicting the use of the RTO 210 in
the pipeline network 100 with the SCADA unit 202. An operator of the SCADA unit
202 may utilize the RTO 210 to monitor the destabilizing event detection for the
pipeline network 100, as described below.

[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
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Else Add the value to the OUT summation variable. Store the IN summation variable minus the OUT

summation ' ine Flow Divergence Line Flow pseudo analog. Thj g is only
(ﬁﬁ%d&%’fgqg ‘Fﬁ{’ﬁﬁ%’@/ﬁ@@u

used for monitoring ne flow calculation. Return the IN summation variable minus T
summation variable. (PT) - Process Triggers This function is called by Event Detection after the trigger
settling time has expired. This function is used to process all the triggers that occurred during the
trigger settling time and process the valid triggers to determine the event location. Get event location
***(GEL) with the array of triggers found during the trigger settling time to determine the event location.

Log all the infornf4fISRtrBEETHERS 8 ThEBERRiSe I S deibBs 280 St $HspderehEiRtcthsn is

called by Check for@ 71iged- ahhis feedipnisdsed ia detemaingdbthespassaddrebinaaetegaaswas
caused by a usual suspect or not. This function returns TRUE if theEP d in binary trigger is caused

asse
by a usual suspettPHE Y iGGer GRRIRIES NGRS ByPartistia SHpise tﬂe%%e@/ﬂeééggl}lé{ S TRUE

is returned, thenia gtaiemenpirihkededaeddpipsiaperatianiog file afandiy the Wigger waseatsed by a
usual suspect. The appropriate timestamps will also be Iotggeq so the minimﬁm Delay and Maximum
10na

Delay variables PFEAEOMFIG AR 0RES S i5d thndera activity. I the wave ‘report was

caused by operational activity, it is removed from the list of pressure waves 300 to be
analyzed by the RTO 210.

[0063] In Step 414 a determination is made whether or not the RTO 210 is
waiting to receive additional pressure wave detection reports associated with a
previously received report. The waiting time in Step 414 differs from the timer set in
Step 404. The period is shorter. The waiting time in Step 414 is based upon the wave
speed length. The waiting time is set based upon slowest possible wave speed. If a
pressure wave is detected, then the waiting time will be based upon the time it would
take to receive another pressure wave if such pressure wave had the slowest possible
wave speed. If the determination is yes and the RTO 210 is waiting for associated
reports, then the operation of the system proceeds to Step 416. 1If the determination is
negative (i.c., no associated pressure reports are received) then the operation of the
system proceeds to Step 426, which is discussed in greater detail below.

[0064] In Step 416, the counter associated with waiting for associated reports
is decremented. This counter is then examined in Step 418 to determine if the waiting
period has expired. If the waiting period has expired and an associated pressure wave
report is received, then all of the received pressure wave reports will be processed in
Step 420 to determine whether there are bracketing detections, or a single detection,
the possible associated location and alarm level. In Step 422, a determination 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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Find the trigger binary ID in the Usual Suspects configuration data list and match on either the Usual

Suspects UB;?H? /1@6‘35 the Usual Suspects Downstream ID. If the triggerljﬁr} und in the
ﬁHE . . 2 83
Usual Suspects lists Loop through the Usual Suspects Point Rules list, whic e?[r%)( al 9t\/ﬁe ugs?ual suspect

points for the trigger. If the class Type is a MULPNT or BINPNT Find the oclass Type, and Sstate | (if
it's not blank) 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 <=ORREALUPEUSSE IEES |48t MRS ty) PRsH TRUES RS tHE ERIOTINE,
Sstate?2 (if it's nojdakapk)msheraalilindeFual, suspagts distranshgptdhedins Ieghasmay dnesre the

real-time usual suspects list. For all the usual suspect time last values in the time last array for the

usual suspect If BRSEMASR1T HIG LG HMSHAFNIE B SIFR KIS X RIS 14t RFFAHRBHM B ISHIAND
(time last of the tdogiep bmpmher (Hepedbsiispeetgimedast + maximum Delay)

[0065] Returning to Step 414, if it is determined that the RTO 210 was not
waiting for associated reports, then the operation of the system proceeds to Step 426
to determine if a new pressure wave detection has been received. If no pressure wave
detection is received, the operation of the system proceeds to Step 430 where the
system waits for the timer set in Step 404 to expire. The steps are then repeated with
the setting of the timer in Step 404. If a new pressure wave detection is received in
Step 426, the operation of the system proceeds to step 428 where the initialization of
the data records for tracking the new pressure wave, the setting of a timer to wait for
associated pressure wave detections, and the saving of the pre-detection corroboration
values for future analysis occurs. The operation of the system then proceeds to Step
430, where the system waits in the manner described above.

[0066] As discussed above in connection with Step 424, an incident report is
created when a pressure wave reports indicates the occurrence of an event. The
incident report may be presented via a graphical user interface to a display unit for the
operator. An audible notification may also be provided. The graphical user interface
may be a window provided to the operators via the SCADA unit 202, which includes
graphical or textual data, a report or any other suitable data. An example of the
graphical user interface is illustrated in FIG. 5.

[0067] The screen view is merely one example of an incident report that may
be presented to an operator. As can be appreciated, additional operational settings
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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Return TRUE. Else (the ()class Type is a ANAPNT) Find the oclass Type in the real-time usual
suspects Iis{,&pg0 Egp&iime last array from the real-time usual suspects Ii;tcflﬂg%]é%gégyal 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
(GEL) - Get Event Location This function is called by Process Triggers, which is called just after the
trigger settling timer e>\<£ires. This functign is used to find the event location based on the passed in

triggers. This furtfon Wit FSERA SREbPE HBBiBIaSBAUTERHREITIN ArBRtPRATSITIEEHNg et
important and the;{ithyeanditiog deilpast important, meaning condition 2 will only be returned if

condition 1 could not be met. 1S) Bracketing Triggers . o
[0069] ection 50671s uséd to track and report whether the investigation
launched by the operator has been completed or not. If the analysis by the RTO 210
was able to determine a location (bracketing detections, or two detections on one side
of the rupture) this is reported in section 508. Section 510 provides detailed
information on the pressure wave detection(s) that were used to arrive at the location
by the RTO 210 during its analysis. Section 512 reports the status of the pressure
decay corroboration for the upstream station used in the detection, if it exists, whether
it is still in progress, or if complete, whether corroboration was found or not. Section
514 reports the status of the pressure decay corroboration for the downstream station
used in the detection, if it exists, whether it is still in progress, or if complete, whether
corroboration was found or not. Section 516 reports the status of the line flow
divergence corroboration, whether it is still in progress, or if complete, whether
corroboration was found or not. Section 518 reports the status of the line balance
divergence corroboration, whether it is still in progress, or if complete, whether
corroboration was found or not.

[0070] As discussed above, the system in accordance with the present
invention is effective in managing the generation of alarms in order to reduce the
number of false alarms. In addition, it is contemplated that the present invention is
useful in connection with diagnosing destabilizing events and recommending or
automatically executing potential remedial measures. As discussed above, the system
is useful in identifying the presence and location of both 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

231 -



The upstream location trigger binary point ID (upstream station) The downstream location trigger

binary poin% %Bg/{ggﬁzam station) The downstream distance. Upstrea%%qmgﬁg}bggh3l

Downstream corroboration Whether the bracketing locations are not spanning another station (next to
each other) or spanning another station (not next to each other). 2) One sided Triggers The location
trigger binary point ID (closest station). Whether the direction is upstream or downstream 3) Same
station Triggers The first location trigger binary point ID (station).

potential catastrophic impact on the pipeline. It is also contemplated that the control
center 126 can initiate a remedial or corrective measure to respond to destabilizing
events to maintain stable operation.

[0071] It will be apparent to those skilled in subjects related to the art that
various modifications and/or variations may be made without departing from the
scope of the present invention. While the present invention has been described in the
context of a pipeline, the present invention is not intended to be so limited; rather, it is
contemplated that the present invention can be used in piping found in refining and
petrochemical processing operations, upstream and exploration operations, and any
other operation outside of the oil and gas field that is concerned with managing the
stable operation of a pipeline and the fluids flowing therethrough. Thus, it is intended
that the present invention covers the modifications and variations of the method
herein, provided they come within the scope of the appended claims and their

equivalents.
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Whether the direction is upstream, downstream, or in the station. 4) One Trigger The trigger binary

point ID (stwo@ggg% condition, because the triggers did not fall into orie?ql; SoFRNR A
It alle

conditions. ere are no triggers Log an error because we should not be c unless there is at
least one trigger. Return an error condition. If there is only one trigger Return the trigger binary point ID
(station). Adjust trigger times to correct for "over midnight" condition. Sort the array of triggers from
oldest time to most recent time using the trigger hours after midnight, trigger minutes after the hour,
and the trigger milliseconds after the minute values. The DFC (distance from centre) algorithm used in
the "for" loops below will be: DFC = ( (MilIisecondéi&@Bﬂ%er upstream - Millisecond time of trigger
downstream) * ( Wave Speed / Convert Wave Speed Time to Milliseconds) ) / 2 where "Millisecond
time" includes the hour and minute data. This first set of "For" loops will trY to find bracketing triggers
that do not spanleasaiertcroihs pspyde ¢adedsde birsgaaskedwith *** relate to other sections of

the text, which is included below under the respective headings. References to the

term “trigger” refer to pressure wave detection.

RTO Event Detection
On a one minute cycle, for each pipeline
Calculate the line balance divergence slopes ***(CLBDS)
Store line flow data ***
Log operational event detections ***(LOT)
If trigger settling timer not in progress
If (at least one trigger Change of State (COS) has occurred during 30 second
timer)
Start the trigger settling timer
Start the upstream and downstream pressure decay timer
Save the current line flow value
Start the line flow divergence timer
Save the current calculated line balance divergence slope value.
Start the 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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For B = (A + 1) to (number of triggers) Find the A and B location in the Distances structure. If (Stations

Location T = NEXT STATION) Determine the DFC using th ' if
(08@25‘[0)919%02 ctermine the using the '%'é?/ﬁ‘#%ff&bt)ﬂﬁﬁs@)?fve

(DFC >=4 Istance Tolerance) * Distance)) AND (DFC < ((0.5 + Distance Tolerance
Distance)) Note: If all measurements arc 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. (IRGRAAHE0S HtR e AHVGHRIPSEMRE GRS bR TR e Fee# same

station downstream trigger. Oxéding AdRcatignie & Be\WasiRamiviggaicsaemibwaubawe the same
station upstream trigger). If (found the same station for the A location) If (Millisecond time of the A

location same station downstrEAKT#RIGEMDRMARESHIBSime of the A location same station upstream
trigger) Else If (one trigger found)

Cancel the downstream pressure decay timer.
Else
Do nothing and continue
For all upstream and downstream pressure decay timers in progress. It’s possible
that there could be both upstream and downstream pressure decay timers in
progress for the same pipeline, one set of timers for the current incident and one
set of timers for the previous incident. If a previous timer is in progress, then a
new incident had to have occurred before the existing pressure decay 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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Continue on checking for a valid A - B location (Event not in this segment) Else If (Millisecond time of
the A Iocati(_w& 1§E%H'9n dow_nstream trigggr < _Millisecond time of the A mgoﬁgmgéﬁation
upstream trigger) Upstream station corroboration is set to TRUE Else {downstream and upstream
same station trigger times are the same} Upstream station corroboration is set to TRUE Downstream
distance = 0 For the B location (downstream location) see if we have a same station trigger. (If this 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) | ARLERSHRPHISHE AR RESB S SREH SUASE station downstream trigger

>Millisecond time of the B igpadientzameRiatiepdpstra@mRyigger) Downstream station corroboration is
set to TRUE Else If (Millisecond time of the B location same station downstream trigger < Millisecond

time of the B locatioREAM &AM Sstesans HIgerNaBRERE S aRstibifd 18t BBEARPINAE spanning A
- B location, but userhisiapgldwae earnes benfesttprogress 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 flow
divergence timer expired.
If (an operational trigger or a usual suspect has just occurred)
Cancel the line flow divergence timer
Set the associated Line Flow Divergence multi-status (used to drive the
Incident Report) to “ABORTED”. The Incident Report alarm level will
not be updated.
Else
Decrement the line flow divergence timer counter.
Determine the line flow divergence ***(DLFD)
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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Else {downstream and upstream same station trigger times are the same) Downstream station

corroboratio‘r,e,gzﬁgg Egs'ggiUE Downstream distance = 0 Found bracketing triqgﬁ%z%%ms%racketing
Triggers Upstream iocaﬂon Downstream Location - 43 - Downstream distance Upstream station

corroboration status

Else

Do nothing and continue looping
On a thirty second cycle, for each pipeline
Check for a trigger ***(CT)

Calculate pressure slopes ***(CPS)
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Downstream station corroboration status Not spanning stations Else Continue on checking for a valid
A-B Iocatl (E&% ﬁg%gue on checking for a valid A - B location This sec ﬁ E&r Iéloops will
try to find bracketing triggers that span a station. For A = (1) to (number of trlggers (A+1)
to (number of triggers) Find the A and B location in the Distances structure. If (Stations Location To
Each Other = NOT NEXT STATION) Determine the DFC using the DFC algorithm above. If (DFC >=
-((0.5 + Distance Tolerance) * Distance)) AND (DFC <= ((0.5 + Distance Tolerance) * Distance))

(UUS) - Update Usual Suspects
This function is called by Event Detection whenever a usual suspect point changes
state
This function is used to update the usual suspect timestamp in the real-time list of
usual suspect points. This real-time list is used by the Is a Usual Suspect function in
order to determine if an trigger is a usual suspect or not.
Loop though all the points defined in the real-time usual suspect list of points
Get the current time last of the usual suspect point.
If the time last just occurred (within Usual Suspect Just Occurred Time)
Set a local variable to know that we found at least one usual suspect point that
just recently undergone COS.
If the usual suspect point is a binary or multi-status point
Get the state of the usual suspect binary or multi-status point
Else
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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Downstream distance = DFC + (0.5 * Distances) Upstream station corroboration is set to FALSE

Downstrea%%ﬁwlgggﬁgboration Is set to FALSE For the A location (upstrgemﬁg&@m)&qe if we

have a same station trigger. (If this A location trigger is an upstream trigger, see Iif 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) Continue on checking for a better spanning A - B location, but use this one if one cannot be
found. Else If (MifidecchbesihiosHa 888k ation same station downstream trigger < Millisecond time of

the A location sappgs FtaiieioRSikeam iggr Mo dpSRAMSERMeN corroboration is set to TRUE Else
{downsiream anl upstieam same. siaion rigger ims gre the spme( Upsiream station corroboration i
Get the time last of the binary reporting the TRIGGER pressure
Make sure the trigger was not previously processed (look in last array of triggers
gathered).
If trigger was not previously processed
If ((time last of the BINPNT + edTriggerJustOccurredMaximumTime) >
current  time) and ((time last of the BINPNT +
edTriggerJustOccurredMinimumTime) < current time) and Is a Usual Suspect
**#(IUS) returns FALSE)
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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Downstream distance = 0 For the B location (downstream location) see if we have a same station

trigger. (If ti\i&oaz@gﬂgg&irigger is an upstream trigger, see if we have the %%ﬂ% 4gg)g/ynstream

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 trigiter < Millisecond time of the B location same station upstream trigger) Continue on

checking for a vaRPA thipvstalbhelne fovnieneahian b opstreisii€ame station trigger times arc the
same{ Downstream Gtatign &RFEaPosaLIoMishseintlobRHE fldewnstream distance = 0 Found bracketing

triggers. Retumn Braffk (%ﬂnoquorL%%{fé Flow = IN LINE FLOW)
Add this value to the IN summation variable.
Else
Add the value to the OUT summation variable.
Store the IN summation variable minus the OUT summation result in the Line
Flow Divergence Line Flow pseudo analog. This pseudo analog is only used

for monitoring this line flow calculation.

Return the IN summation variable minus the OUT summation variable.

(PT) - Process Triggers

This function is called by Event Detection after the trigger settling time has expired.
This function is used to process all the triggers that occurred during the trigger settling
time and process the valid triggers to determine the event location.

Get event location ***(GEL) with the array of triggers found during the trigger
settling time to determine the event location.

Log all the information returned to 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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Upstream location Downstream Location Downstream distance Upstream station corroboration status

Downstrea%ggﬁ)ﬂlgggﬁgboration status Spanning stations Else Continue %fﬂfs%ﬁ@% 1%3‘} valid A-B

location Else Continue on checking for a valid A - B location

Loop through the Usual Suspects Point Rules list, which are all the usual suspect
points for the trigger.
If the oclass Type is a MULPNT or BINPNT
Find the oclass Type, and Sstatel (if it’s not blank) 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
Find the oclass Type, Sstate2 (if it’s not blank) 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.
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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This third set of "For" loops will try to find one sided triggers. For A = (1) to (humber of triggers - 1) For

B=(A+1) (Sr& 5'%? £Q triggers) Find the A and B location in the Distanc tations
Location To“%aclg t%er T.F: SAME STATION) Determine the DFC using the(:i?ﬁit a goﬁ?%gréﬁabove. If

(DFC is a negative number) 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
(GEL) - Get Event Location

This function is called by Process Triggers, which is called just after the trigger
settling timer expires.
This function is used to find the event location based on the passed in triggers. This
function will return one of 5 possible conditions. The first condition being the most
important and the fifth condition the least important, meaning condition 2 will only be
returned if condition 1 could not be met.
1) Bracketing Triggers
e The upstream location trigger binary point ID (upstream station)
e The downstream location trigger binary point ID (downstream station)
e The downstream distance.
e Upstream corroboration
e Downstream corroboration
e  Whether the bracketing locations are not spanning another 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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Else Continue on checking for a valid A - B location This fourth set of "For" loops will try to find same

station triggw&zﬁ&{/ 8=60(2'L) to (number of triggers - 1) For B = (A + ) to (nugpﬁ@éﬁgg@%ﬁnd the A

and B location in the Distances structure. If (Stations Location To Each Other = ION) 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
Downstream Location Upstream direction Else If (Millisecond time of trigger Downstream <

(Millisecond time of trigger Upstream - In Station Millisecond Tolerance))
Adjustirigger times to correct for “over midnight” condition.” Sort the array of

triggers from oldest time to most recent time using the trigger hours after midnight,
trigger minutes after the hour, and the trigger milliseconds after the minute values.
The DFC (distance from centre) algorithm used in the “for” loops below will be:
DFC = ( (Millisecond time of trigger upstream — Millisecond time of trigger
downstream) * ( Wave Speed / Convert Wave Speed Time to Milliseconds) ) / 2
where “Millisecond time” includes the hour and minute data.
This first set of “For” loops will try to find bracketing triggers that do not span a
station.
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 = NEXT STATION)
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)

42



Found same station triggers Return Same station Triggers Upstream location Downstream Location
Downstrea%r&%gﬁgsgﬁe (the times are equal) Found same station trigg ﬁ?st%@ ﬁm station

Triggers Upstream location Downstream Location In the station direction I;Ee: éontlnue 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.

Continue on checking for a valid A — B location (Event not in
this segment)
Else If (Millisecond time of the A location same station
downstream trigger < Millisecond time of the A location same
station upstream trigger)
Upstream station corroboration is set to TRUE
Else {downstream and upstream same station trigger times are the
same}
Upstream station corroboration is set to TRUE
Downstream distance = 0
For the B location (downstream location) see if we have a same station
trigger. (If this 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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This function determines if there is pressure decay for the pressure trigger passed in. If ((post slope of

pressure - %%8&‘?1% e pressure + Pressure Decay Threshold)) < 0) Thg@ﬂ&g{&ﬁ%r ecay 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. This function determines if there is line flow divergence on the pipeline. If
(the current result from Get Line Flow Data > ((the saved result from Get Line Flow Data + Line Flow

Divergence Dead band)) The %ipeline has line flow divergence Else The pipeline does not have line
flow divergence. ownstream distance

Upstream station corroboration status
Downstream station corroboration status
Not spanning stations
Else
Continue on checking for a valid A — B location
Else
Continue on checking for a valid A — B location
This second set of “For” loops will try to find bracketing triggers that span a station.
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 = NOT NEXT STATION)
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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Log all the data as to why there was or was not line flow divergence to the operation log file (DLBD) -

Determine %ﬁ@ﬁgg&)pivergence This function is called by Event Detecﬂ%ﬁf&%&%‘ 4l§§§1 balance

divergence timer expires. This function determines if there is currently a line balance divergence on
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. (ClRa - Create incident Report This
function is called by Event Detection HREFHE PrOBOTREGRILOSH N8 Est after the trigger

settling timer expires. This functiop]is ugeaioCAASaEgkiEnNRIRtsskatihadipsitanh Repethsustom
displays.
same}
Upstream station corroboration is set to TRUE
Downstream distance = 0
For the B location (downstream location) see if we have a same station
trigger. (If this 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 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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Save the current incident report as the previous incident report by COSing the Incidents[1] points with

the Incidenté‘gg)]z%%yéfig&ps the Incident Report pseudo points for the currqg/t{%(}g@%ﬁ&@ the

information return om Process Triggers. The current alarm level can be determined using the
Alarm Level Truth Matrix. The alarm level may change when the Update Incident Report function is
called (line flow divergence timer expires or line balance divergence). COS the Investigation Status
multi-status point with the "OPEN" state. Log all Incident Report information to the operation log file.
(UIR) - Update Incident Report This function is called by rtoaapEventDetetion after the line flow
divergence timer exE s or if a line balance divergence has been determined. This function is used to

update the driving poinisgitiie dacidesitiienar ustpA-disprysdh(called after line flow divergence
timer expires) Update the line flow divergence multi-status driving point based on whether there was

line flow divergend® dhrdecEde Torideriar e ot OfvedgL fidgedEtermined) Update the line
balance divergengg muftirstatusupist degagal whether there was a line balance divergence or not.

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)
Determine the DFC using the DFC algorithm above.
If (DFC is a negative number)
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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Recalculate the alarm level using the matrix defined in section 3.1.4 Alarm Level Truth Matrix. If a
lower alarm i ated (more severe), then the alarm level multi-sta declared
at time contro (?rl}é?r/}%%gob?nts will be updated (COS) and the Investigation St%&'[’?fz&n%}l@?g%%? 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 SMNPSFEMARFARPFound-robin array. With a round-robin array, the
oldest value will be discarded ppgediia airayisnfull of entries. If the round-robin array is full of entries
Compute the slope usiri%the following algarithm; Set elapsedMinutes = (Eimestaa:p of the newest delta

imbalance value in the fathi-kHHT U R LEAERE RO BTaRL: A RO B AL FRfRe
round-robin array) The aaseame nesEatsalelinte lapsae-miyes is because RTO is not always

called precisely every minute. For example, at the top of the hour more than 1 minute may elapse.

Found same station triggers
Return Same station Triggers
Upstream location
Downstream Location
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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Convert the "seconds" part of the elapsed Minutes value to fractional minutes. Set slope Value = (sum

of all the de{gpi values in the round-robin array) (elapsed Minutes E ine Balance
0%‘8&)?558& inc;rr?t%é&g @ﬁ)g}-?Set Alarm

Divergence Slope analog point with the slope Value Else Do nothing and retu

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 statlRHREGHEHAGHISRRES HOIRES i HRSAIRTE A Grente W BESEPPIBt the alarm level
pseudo multi-statpigiRodntieht NORMdKY GhitisneUrTentiyaetinine sNORMAIL féaieGet Line

Flow Data + Line Flow Divergence Dead band))
The pipeline has line flow divergence
Else
The pipeline does not have line flow divergence.
Log all the data as to why there was or was not line flow divergence to the operation

log file

(DLBD) - Determine Line Balance Divergence
This function is called by Event Detection after the line balance divergence timer
expires.
This function determines if there is currently a line balance divergence on 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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Else Do nothing and continue looping Else Do nothing and continue looping (LOT) - Log Operational

triggers Thi%&%%ﬂ&‘i‘s%t%"ed by Event Detection once per minute. This fuﬁig%goﬁ_%ggg%lcheck for

operational triggers and log the associated analog values to the operational lo oop through all
trigger pressures for the passed in pipeline Get the time last of the binary reporting the operational
trigger pressure If ((time last of the BINPNT + Trigger Just Occurred Maximum Time) > current time)
and ((time last of the BINPNT + Trigger Just Occurred Minimum Time) < current time) Get all the

trigger analog values for the operational trigger pressure and store the analog values in the operational
log file. The current alarm level can be determined using the Alarm Level Truth Matrix. The

alarm level may change when the Update Incident Report function is called (line flow
divergence timer expires or line balance divergence).
COS the Investigation Status multi-status point with the “OPEN” state.

Log all Incident Report information to the operation log file.

(UIR) - Update Incident Report
This function is called by rtoaapEventDetetion after the line flow divergence timer
expires or if a line balance divergence has been determined.
This function is used to update the driving points on the Incident Report custom
displays
If (called after line flow divergence timer expires)
Update the line flow divergence multi-status driving point based on whether there
was line flow divergence or not.
Else (called after line balance divergence determined)
Update the line balance divergence multi-status point based on whether there was
a line 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.

_49 -



trigger wave amplitude trigger hours after midnight trigger minutes after the hour trigger milliseconds

after the mi trigger in a real-time array to avoid multiple loggi igger.
%@j&‘s&'ﬁ? %%%%l%gﬁgdgg%ﬂ

(CPS) - Calcu a%e essure Slopes This function is called by Event Detection every conds. 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 & e oHggaiob P ASRSLILTHILREGEESH Time)) Set the trigger in progress flag to False.

Compute the slope using the following algorithm:

Set elapsedMinutes =
(timestamp of the newest delta imbalance value in the round-robin array) -
(timestamp of the oldest delta imbalance value in the round-robin array)
The reason we need to calculate elapsed minutes is because RTO is not always
called precisely every minute. For example, at the top of the hour more than 1
minute may elapse.

Convert the “seconds” part of the elapsed Minutes value to fractional minutes.

Set slope Value = (sum of all the delta imbalance values in the round-robin array)

/
(elapsed Minutes)

COS the Line Balance Divergence Slope analog point with the slope Value

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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Else (we are before the stop time) Compute the post slope using the following algorithm: Set elapsed

Minutes = (W%gmgﬁi%;he current high resolution pressure value) - (timeslgiu}m %B}Bﬁ) Tﬁ@xﬁd high

resolution pressure value ) Convert the "seconds" part of the elapsed Minutes value to fractional
minutes. Set slope Value = (current high resolution pressure value - saved high resolution pressure
value) / (elapsed Minutes) COS the post slope analog with the slopeValue. If (to current time > (the
time of the trigger+ Pressure Decay Start Time)) Call Determine Pressure Decay ***(DPD) determine
pressure decay. If (there is Pressure Decay) Set the trigger in progress flag to False. Set the pressure
decay status to THRTEEOgHRRE 1AM LLIRGEES Decay) Set the pressure decay status to False.

This function is called by Event Detection once per minute.
This function is used to check for operational triggers and log the associated analog
values to the operational log file.
Loop through all trigger pressures for the passed in pipeline
Get the time last of the binary reporting the operational trigger pressure
If ((time last of the BINPNT + Trigger Just Occurred Maximum Time) > current
time) and ((time last of the BINPNT + Trigger Just Occurred Minimum Time) <
current time)
Get all the trigger analog values for the operational trigger pressure and store
the analog values in the operational log file.
trigger wave amplitude
trigger hours after midnight
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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Else (we are before the start time) Continue. If (trigger is not in progress for Pressure) Check for an

trigger on tt\g,(grﬁ%%)igg(s&he Check For A Trigger function called in Event Dﬁfﬁgﬂg&é%&g&fnd timer)
| e pressure) |

is used to know it an trigger has just occurred. If (an trigger just occurred on t (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 & RantreM IS a Cmrakopeldire wisst Vaheesduten B day is not

full) value) - (timestamp of the saved high resolution pressure value )
Convert the “seconds” part of the elapsed Minutes value to fractional
minutes.
Set slope Value = (current high resolution pressure value - saved high
resolution pressure value) / (elapsed Minutes)
COS the post slope analog with the slopeValue.
If (to current time > (the time of the trigger+ Pressure Decay Start Time))
Call Determine Pressure Decay ***(DPD) determine pressure decay.
If (there is Pressure Decay)
Set the trigger in progress flag to False.
Set the pressure decay status to True.
Else (there is not Pressure Decay)
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.
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Set the trigger in progress flag to False. Set the pressure decay status to Aborted. Else (an trigger has
not occurre A 3/%3%%5““9)_ Continue If (the current high reso!ution prelss%er)&d%' ADEW COS).
Store the current resolution pressure value along with the time last timestamp of the analog point
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. If the round-robin array is full of entries Compute the slope
using the following algorithm: Set elapsed Minutes = (timestamp of the newest high resolution
pressure value in the round-robin array) - (timcstamP of the qgldest high resolution pressure value in the

round-robin array) Convert the>% &2 RIS Parttseth eIt 0itdtes value to fractional minutes. Set
slope Value = (newest Ipigh asaiglienHakassitecualee onakleptRigieiesolution pressure value) (elapsed

Minutes) Continue
If (the current high resolution pressure value is a new COS)
Store the current high resolution pressure value along with the time last
timestamp of the analog point 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.
If the round-robin array is full of entries
Compute the slope using the following algorithm:
Set elapsed Minutes = (timestamp of the newest high resolution pressure
value in the round-robin array) - (timestamp of the oldest high resolution
pressure value in the round-robin array)
Convert the “seconds” part of the elapsed Minutes value to fractional
minutes.
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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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 CLAIMS 1. A method of real time monitoring a pipeline network to identify possible
destabilizing events in the pipeline network, comprising: sensing one or more pressure waves within
the pipeline ggtwprkit predetermined locations within the pipeline network; and determining the
presence of a possible destabilizing event in the pipeline network in response to the sensed pressure
waves by detecting variations in the sensed pressure waves, and determining whether or not the detected
variation exceeds an accepted standard deviation. 2. The method according to claim 1, wherein the
accepted stalhdard Aevigtiod ¢ eealdinsimaaiiyatiete mpimeting astieotkde vty Rshikerdestabili 2iceprding to
any one of tkeqmtedediegipeims natherkircdetaisiming the presence of a possible destabilizing event in
the pipeline network in response to the sensed pressure waves further comprising:

sensing one or more pressure waves within the pipeline network at predetermined

locations within the pipeline network; and

determining the presence of a possible destabilizing event in the pipeline network in
response to the sensed pressure waves by detecting variations in the sensed pressure waves,
and determining whether or not the detected variation exceeds an accepted standard deviation.

2. The method according to claim 1, wherein the accepted standard deviation is an
empirically determined standard deviation.

3. 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 a subsequential decompression characteristic is present
following the detection of the variation in sensed pressure waves.

4, The method according to claim 3, further comprising:

issuing an alarm indicating the presence of aleak when it is determined that the subsequential
decompression characteristic is 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.

-54-



determining whether or not a subsequential decompression characteristic is present following the
detection of the variation in sensed pressure waves. 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 is present. 5. The method according to any one of the

preceding clgims, il iecsieEBINITISL be PR E) einelcRAE HRlgcie AR znB e vpetdnrit e Rissine
Censed pros e ey a2 o g AR acoording t
claim 5,%vheéé%ﬁ@ﬁ%@@%iﬁﬂeag@i%ﬁ %B[;’égﬁinﬁgg?éﬁégs’%old isgautomatically adjusted based upon atg
least one of the current operating mode, current operating conditions and current operating events. 7. A
method of real time monitoring a pipeline network to identify possible destabilizing events in the pipeline
network, comprising; met/f®N&IEP AeEMIBATRIMIGIBHISRVSSWHHR Fot RRipe e BeEtaBl i zing
predetermin%gé%qﬁ'qﬂéMggiﬂé%tww,i%rﬂﬁgw&; determining the presence of a possible

destabilizing event in the pipeline network in response to the sensed pressure waves by determining
whether or not the sgR$Rg GHEBPWHEre MRS RECRRLANIRRCIRETIAG thetadiedpr ef piagethneshald, wherein

the predetermgéﬁgrgq\mﬁimﬁéﬁi itresholgids automatically adjusted based upon at least one of the
current operating mode, current operating conditions and current operating events; and corroborating

the presence of thegeesHRidNEeRBRRTh HBeSIIE BRBANNE Q) S he N FRIFRNSEN BIRGHNE
network operal CORAHOS IS IeE BB AUBRANIIRRENI A RIGFE A TRIR o The method
of monitoring B RPE e S el AN S A g R ER S SRS S e
operating threshold is automatically adjusted based upon at least one of the current operating
mode, current operating conditions and current operating events; and

corroborating the presence of the destabilizing event based upon at least one of (i) one
or more sensed pipeline network operating conditions and (ii) at least one additional
independent process variable.

8. The method of monitoring a pipeline network according to anyone of the preceding
claims, further comprising:

determining the certainty of the possible destabilizing event.

0. 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 and further corroborating the determination of a possible destabilizing event based
upon sensed pressure waves with at least one additional independent process variable.

10.  The method according to claim 9, wherein the at |east one additional independent
process variable comprising pressure decay, line flow divergence, and line balance.

11.  Themethod of monitoring a pipeline network according to claim 8 or claim 9 or claim
10, further comprising:
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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 and further corroborating the determination of a possible destabilizing event

based upon senseqygfiegiiganalamvEboRt igaRk pResad iapabifd aesaeBRperetRs slasaniengl 0. The

method accyglipg to claim 9, wherein the at least one additional independent process variable comprising
pressure decay, line flow divergence, and line balance. 11. The method of monitoring a pipeline network
according to claim 8 or claim 9 or claim 10, further comprising: generating an alarm reporting the
presence and certainty of the possible destabilizing event. 12. The method according to claim 9, further
comprising: anagirigetimetbedecatimingf @laras. 91RriHee coetrisingf monitoring a pipeline network
according to anyone of the preceding claims, further comprising: determining the location of the
possible destabilizinpeaging ithegengraipreai@bawonk. in response to the sensed pressure waves. 14. The
method of monitoring a pipeline network according to claim 11, further comprising: generating an
alarm reporting at least one of the presence and location of the possible destabilizing event.

13.  Themethod of monitoring a pipeline network according to anyone of the preceding
claims, further comprising:

determining the location of the possible destabilizing event in the pipeline network in
response to the sensed pressure waves.

14.  The method of monitoring a pipeline network according to claim 11, further
comprising:

generating an alarm reporting at least one of the presence and location of the possible
destabilizing event.

15.  The method of monitoring a pipeline network according to claim 13 or claim 14,
wherein the sensing of pressure waves within the pipeline network occurs at periodic intervals,
and

wherein determining the location of the possible destabilizing event in the pipeline
network in response to the sensed pressure waves comprising:

identifying which predetermined locations a sensed pressure wave is sensed at afirst
sensing time;

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.

16.  The method according to anyone of the preceding claims, further comprising:
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15. The method of monitoring a pipeline network according to claim 13 or claim 14, wherein the sensing
of pressure waves within the pipeline network occurs at periodic intervals, and wherein determining
the location of the possible destabilizing event in the pipeline network in response to the sensed pressure
waves comprising: identifying which predetermined locations a sensed pressure wave is sensed at a

first sensing time; jdeifi@piHyAPOEHEH RERES I RESALOS ABSABI [ RRRRRAE ) eSRPATW RIS sensed at a
second Sensifg Lne ke curféﬁ%ed&emgzm BEALATPLERER M%&%@%ﬁ%@&%}bﬁﬁﬁ@%{ﬁo” the
location of 5S¢ SSG SRRy ?‘ﬁ%"ﬁq%‘ {ﬁglmsﬁ%wsmﬂ pepa?ﬁgn&@%nf;ﬂ%w G.The

method accordin rece er com f&ln ential cause
of the senseBRTEl ag.ﬁQﬁ%“é\véHe AR B A K AL T T QBT AROGBPG EHRE using an
expert basecﬂ‘@lé(@%stlc subroutine W|th 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. 17. The method according to claim 16, further comprising: reporting the potential
cause of the nseﬁl deSt&th %c%ev nt 18 Thelg@ltp%d accarding to claim 16, further comprising:

- toclam C
determining at’least one corrective measarean response tothe sansed destabilizing event; and

reporting the potential cause of the sensed destabilizing event.

18.  Themethod according to claim 16, further comprising:

determining at least one corrective measure in response to the sensed destabilizing
event; and

performing at least one of reporting the at |east one corrective measure to an operator of
the pipeline network and automatically executing the at |east one corrective measure.

19. A method of managing the generation of alarms for possible destabilizing eventsin a
pipeline network, comprising:

sensing one or more pressure waves within the pipeline network at predetermined
locations within the pipeline network;

automatically adjusting a predetermined stable operating threshold for the pipeline
network at the predetermined locations based upon at |east one of the operating mode of the
pipeline network, current operating conditions in the pipeline network and current operating
eventsin the pipeline network;

determining the presence of a possible destabilizing event in the pipeline network by
determining whether or not the sensed pressure waves exceed the adjusted predetermined
stable operating threshold;

determining the certainty of the possible destabilizing event; and

generating an alarm indicating the possible presence of a destabilizing event when the
sensed pressure waves exceed the adjusted predetermined stable operating threshold, wherein
the alarm has more than one alarm level, wherein the alarm level generated is based upon the
determined certainty of the possible destabilizing event.
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performing at least one of reporting the at least one corrective measure to an operator of the pipeline
network and automatically executing the at least one corrective measure. 19. A method of managing the
generation of alarms for possible destabilizing events in a pipeline network, comprising: sensing one
or more pressure waves within the pipeline network at predetermined locations within the pipeline
network;  ZmtomarieaHuAstiuEloEmgedEiRIMIo SR RiRbcIeRER NG ivephalshéeoihekastiee network
at the predemn%.%&rgﬂwm pieR ﬁétlﬁaﬁs feQidhe Reeelnemorsgl g Rieslingaetwork,
current operaiing LONAHLANS 0 4G B ﬁ‘ﬁmég ?&&ﬁ% ﬁ#a?pa?ﬁﬁ%?er‘?%%ﬂ@lgﬁ&ﬁ'BPHoFtﬁgtW"rk
determining t ence.o 0SS stabi |Z|é§ € pipeline hetw etermining whether
or not the seff@ Sg%f QQG‘F@Q&P ra@ﬂ &9 hined stable operating threshold;
determining the certainty of the possrble destabrlrzrng event; and generating an alarm indicating the
possible presence of a destabilizing event when the sensed pressure waves exceed the adjusted
predetermineq Sta%gﬂerﬂaa%eé?arra% WARESIH, NAAAEThOAS RS PR ADRIGIRIBAGKel, Wherein the
alarm level %’ﬁerat |s as gandar ﬁtermrned certainty of the possible destabilizing event. 20. The
method acco fng(f Q.[Iar W erein 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 deyigtion.TR& nldasoBnatbadingaerdiaento: kimard yeheraindle aceapied Gifng are siadafion is an
empirealy deieinae] 198681 ARBIAN sl B MAGRE qSRoLig 8 AT Acho B sasgRIing an

alarm indica m&erne P a(PéaBrFsence of 2 L?Pest | izin vent further comgeedn er estatln an alarm
indicating th® ossr%l% presence o %‘“a/ 20 event when the san sensed pressur aves exceed the
adjusted preUp ed?ﬂ?@ﬂﬂg@% @%%H’ﬁ%%@%ﬁé%‘@ﬂﬂ%% cepted
standard deﬁéﬂ@?fd Q@/'ﬂh@r‘method according to claim 19, 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 a subsequential decompression characteristic is present
following thezgetectrl%ré %&?\% 85@8#8%”6 % asr r%dl W eJrre(ran a%’ermr ning the presence of a possible

destabilizing event in the pipeline network in response to the sensed pressure waves further
comprising:

determining whether or not a subsequential decompression characteristic is present
following the detection of the variation in sensed pressure waves.

24.  The method according to claim 23, wherein generating an alarm indicating the possible
presence of a destabilizing event includes generating an alarm indicating the presence of aleak
when it is determined that the subsequential decompression characteristic is present.

25. A system for monitoring a pipeline network, wherein the pipeline network having a
first facility, a second facility, at |east one pipeline segment 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 |east one pumping
station, the system comprising:

aplurality of pressure sensing devices for sensing the presence of one or more pressure
waves within the pipeline network;
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24. The method according to claim 23, wherein generating an alarm indicating the possible presence of a
destabilizing event includes generating an alarm indicating the presence of a leak when it is determined
that the subsequential decompression characteristic is present. 25. A system for monitoring a pipeline
network, wherein the pipeline network having a first facility, a second facility, at least one pipeline

segment connecting ghar4ife HelivornshraReDe fasiitpaunbdhaiohefuisteandiou baiepnrae first
facility and tag 5RA9R¢) (AP tRES AARPGH RS YFLE SR ARANIRAE SR Rt JRAGIRIR Ripeline
segment, wheiei o Joving IBiaNaR % AL Ieashins ARGHNS Sselt g (payl e ot least one

pumping station, the system comprising:. a pressure sens sensing th

Presence of B B hE YR SaEh AL A Gl B R BRI Cos DX R R PR Bk Bhitoring
devices opefaildfr SRS Eraa NP FERgAutgetRBGecond facility and the at least one pumping station,
wherein the remote monitorin()% device_sgrgonitor thgﬂ?ﬁ%@tiin of the pipeline network and collect operating

data of the pipeline HENEUTHEPSTAIEDH IRt BrysPLiLL Ofd 589%%@085%%% 1S5 REratively
connected tANRVEAILRGHE RIFFEO MBS Bl EeiBEVRTY based HaRySINNAlE spEtaddrP®BIRRected to the
plurality of rehél thohieriolg twrides g ideviest Mingreis tieaentor! ohthdesgisithe presark ¢fased upon
signals receipessi il@ddtebjliziagtpvehtemabe pipditeingvenk dssdstwerigimihe etindr arunut erietiththe
presence of pogiibiestasirkiiFe o Q1 HeiprEenp il VB ARENVEN kbt ISeleFBITiA @WBaIB eh b diptadriations

in the sensed eSS NRYRS are present and whether or not the variation exceeds an accepted standard
deviation. 26.A pipeline network for transporting fluids, comprising: a first facility; a second facility; at
least one pipeline segment connecting the first facility and the second facility such that the fluid can flow
between the first facility and the second facility; at least one pumping station connected to the at least
one pipeline Z&gmentpipt ate bgtilaick flontirgdbuairgf thiels ceaptisimg:pipeline segment flows through the
at least one pumping station; and a monitoring system for monitoring the operation of the pipeline
network, wherein trafifgbfd@lityy system comprising:

a second facility;

at least one pipeline segment connecting the first facility and the second facility such
that the fluid can flow between thefirst facility and the second facility;

at least one pumping station connected to the at |east one pipeline segment, whereby
fluid flowing through the at least one pipeline segment flows through the at least one pumping
station; and

amonitoring system for monitoring the operation of the pipeline network, wherein the
monitoring System comprising:

aplurality of pressure sensing devices for sensing the presence of one or more pressure
waves within the pipeline network;

aplurality 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

acontrol 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
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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 pregsasexeensing Besisre ReINGRPEsH MR, (ANTERIAE tor aloleasiisequamete monitoring
device; and geeghFRBLRYHELPRESALYEN: GRABRCTBNAN st AUAER Bh TS AN aniRT a:sigyices for
iy Tl f‘ﬁﬁﬁ%%?f%%ﬁ%?é%ﬂsa%@8@?&?@“‘%@%@%@%@% e
o elime S P LS L e R G VDS B PR R SRS of ()
whether or WM@@U@@&WNW@@W&@% FROGR, (R Nt QREFALI A %@!E% anshensrent

deviation, (iippeiaiingravenist a subsequential decompression characteristic is present following the
detection of the variation in sensed pressure waves, and (iii) whether or not the sensed pressure waves
exceed a predetermined stable operating threshold, where the predetermined stable operating threshold
is adjusted based upon at least one of the current operating mode, current operating conditions and
cunront operaing ol RS/ O PRy eLk FEEPIR O A 8 Bl e BB AP TR S Ao the
control unit EmpIFically deiRminrsdhaacseptastsdrdarchded diation. 28. The system or network according
to any one of claims 25 to 27, wherein the control unit further determines the presence of a possible
destabilizing event by determining whether or not the sensed pressure waves exceed a predetermined

stable operatjpg threshold, 29. The system or.network accordi .toc}[i , Wherein,the control unit
usts the (HRderen st ol SR BRI e A5y B B2A0 2P MR

operatin response to
current operHg UHRRIRIEIETIABS IR Bireas SF AT eI OSSO NG, RYE bY SEIETHIY S HRRAET to any
one of claim8'Z®téhesenisd iesay e ey ase4taetharbereistmipribsBleAPRRalligHEeshatHp, 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 legst one pipeline segment and, a second sensing device of the. pai oé ressure
Sening devibs s LGS gwop%@ﬁ%‘:s WG W ﬂ‘ﬁecgggeq;nug'é’gdm Sl

wherein each BSOS Ha§ ORARLNGLHERAISHN LT LERM §L Frs i BF NS RGN M within the

pipeline netvgdfkent operating conditions and current operating events.

30.  Thesystem or network according to any one of claims 25 to 29, wherein each of the at
least one pumping station includes a pump, wherein the plurality of pressure sensing devices
comprising:

apair of pressure sensing devices for each pumping station,

wherein afirst sensing device of the pair of pressure sensing devicesislocated 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 islocated 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.

31.  Thesystem or network according to claim 30, wherein the control unit determines the
certainty of the possible destabilized event by comparing the determination of a possible
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31. The system or network according to claim 30, 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 one or more sensed pipeline network operating conditions sensed by the
plurality of remote monitoring devices. 32. The system or network according to anyone of claims 25-31,
wherein eachieeffifi AldeastiaeRpBinGaal praRoides AWt WS i el ipapf@ressure
sensing deviggg,g AgeRliRiBEs b tRe OGS SRRt aciRlen.  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 devige beithespsibie af sensingaooer dingiorenyerssofr el wme2bvaihinhbei pipatinef nedveork. 33.
The system RBESWORKIABAY HBOIR B B34 YRGS SIThERE S erETaLIFa tysH pRes ad eahdinoepisaizer,
wherein the gl djae aptimizer determines the presence of a destabilizing event in the pipeline network
based upon the sensed pressure waves. 34. The system or network according to anyone of claims
25-33, wherein the g o wiikipn§iesIe mROfiad ropastieriiehipglaigiencorrect the possible destabilizing
event in response to the determination that a possible destabilizing event exists. 35. The system or
network according tehelaim B viersiny e icerdf ohe pdi pef o ias seashgclevitsepdditagethenreneedial
measures tosﬂ!b@l’t’ﬁﬁéﬁﬂirﬁéih%@%|%%gf@@ﬁ@@gﬁ%ﬁﬁ%&%@@ﬁ%@ﬁiﬂm@ﬁﬁﬁﬁa$%ﬁs- 36.
The system gragiain aAEIANALABYARE m&eﬁtﬂ@mmghﬁgl%ﬁﬁé%%‘g@% %@Je%ghg'agnoses a

potential causer%fe% e sensed destabilizing event by comparing t destabilizing
event using ger}'rqexpér?rl]oased diagnostic subroutine with at least one of prior destabilizing events, the
current operating ”WH&(QB%PP %ﬁé@ﬁ%ﬂﬁéo@ﬁ&ﬁéﬁﬁ& @%ﬁﬁ@%@ WQ% 5 mgrg_l Hetwork
and the curr(\;vnt gg]gvri tlrﬁgmevent i'r?etr?&\&)gr)l%hne network. t least one display operatively connected to
the control unl"f‘YW a destabilizing is displayed on the at least one display

e pI
erein e%l%senceo

33.  Thesystem or network according to claim 32, wherein the control unit includes ared
time optimizer, wherein the real time optimizer determines the presence of adestabilizing
event in the pipeline network based upon the sensed pressure waves.

34.  Thesystem or network according to anyone of claims 25-33, wherein 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.

35.  Thesystem or network according to claim 34, wherein the control unit performs at |east
one of reporting the remedial measures to an operator of the pipeline network and
automatically executing the remedial measures.

36.  The system or network according to anyone of claims 25-35, 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 operating mode of the pipeline network, the
current operating conditions in the pipeline network and the current operating eventsin the
pipeline network.
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38. The system or network according to anyone of claims 25-37, 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. 39. The pipeline network according to claim 38, wherein the

real time optgpizer gaesRIBRSONEEEoHRIBECGTIRG 1eaFHIbIf: OF SlaipHizimazsy Aty compasing the
determination of a possible destabilizing event based upon sensed pressure waves with one or more
sensed pipeline nettedsopesaliseyapbitaivel yeuspadisdttethduratitsoblnanvoiersho ti pregathegiota. 40.

The pipelinedesiilsi ngGe lGithe 8t MhgIeie giaplapf 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 press8e serdiagystantesristysadtedcording tppogitecst el piarap-BY thdatdedbesast petiie
segment, incloeesia @alctimeassintzee asihihe médctrhe ngi nd paldetafnsiers Whehe or nudkepeEisssre
waves within {hRgta el ReBNRS fvaves WlegirisHaRE H MBORHMIAR SIRIRTFUNAT RS (REaINGS a
destabiIizingvﬁygﬂéir&,trﬁgtg%a\l;'a@afiSwmddggiﬂgt%@@a&fﬁ&pressure sensing devices that

sensed a pressure wave.

39. The pipeline network according to claim 38, 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.

40.  The pipeline network according to claim 38, wherein each of the at least one pumping
station includes a pump, wherein the plurality of pressure sensing devices comprising:

apair of pressure sensing devices for each pumping station,

wherein afirst sensing device of the pair of pressure sensing devices is located on one
side of the pump in the at |east 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 |east one pipeline
segment,

wherein each pressure sensing device being capable of sensing one or more pressure
waves within the pipeline network,

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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