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ABSTRACT

Aldrudeloil[pipelinefransports(crudeoil [fromtwo[platforms(vialda[booster(station tothe
terminal; [@[total [distance 0f'over 300 km. The Emergency [ShutDown (ESD)lincidentwas
initiated by (@[trip [0flall[pumps/in[the Boosterstation. Dynamic(pressures(and flows) Have
beenrecorded by [the[SCADA [system, éxcept for(theperiod(oftimewhen the maximum
recordable pressure 0f1100bar(wasléxceeded. Thepipeline(operator wanted to [€nsure ‘that
the maximum/allowableloperating pressure[was/notl¢éxceeded and used this incident/to
calibratelthepressurelsurge thodelincluding(the (ontrol[systems.

Thelpaper[presents(the teproduction(ofithislincident/and identifies[improvements(in(the
control philosophy[ on[ the[ platforms. Review[ of! similar control[ systems[ on[ other
platforms(may(alsolprove beneficiary. Furthermore(this paper!illustrates the importance
ofltheldynamiclevaluation[of Tong pipelinecontrol Systems(andseveral[dynamic multil]
phaseeffectslincrude oil [pipelines.

keywords: [pipeline(safety, [ESDlincident,[érudeloil, [fransient[analysis, multi[phase flow,
control[system,[SCADA, WANDA model.



1.1 STANDARDCRUDE OILPIPELINE

Theldesignloflthis(crudeloil[fransportation line and[its[¢ontrol[Systems is very[standard.
Similar(systems(are found(alllover[theworld. Thelc¢rude oil transport/pipeline[comprises
two North[Sea production(platforms[(P1,[P2)[atiwhich[mostloflthe[gaseous components
arelIseparated.[The[200 km[offshore[pipelineltransports/theloil tolanlonshore booster
station[(B1),[that[lifts[the[ pressure(tol transport/theloil to the[Tterminal [(T1). Several

hydraulicparameters/arelisted/ih Table(1/and [Figure(l below.
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Figure1:[Simplified[schematicof(the(crude(oil System
Table1:[System properties
Parameter Value Unit
Capacityoflpipeline 2370; | [m’/h;
358,000 | BPD]
Internal [diameter 482.6 | [mm]
Nominalline velocity 2.6 | [m/s]
Design flow rates[P1;[P2 1920777450 | [m’/h]
MAIP offshore(pipeline 119 | [bara]
MAIP [onshore[pipeline 110 | [bara]
Nominalldischarge pressure (P 1 77 | [bara]
Set/pressure booster/suction(side 4.8 | [bara]
Nominaldischarge [pressurebooster 69 | [bara]
Set/pressure [ferminal 4.5 | [bara]
Crudeloil Bubblelpoint 0.8 | [bara]

Thelow friction/factor that[tesults[from[the line[Velocityand[pressurelgrade line(see
Figure(2)lisleéstablished by drag(teducinglagents (DRA).[The[SCADA system/records
flow[rates on[the[platformsand inlthelterminal. Pressuresare(tecorded onlat[least[5
locations: [the(dischargeside [oflthe[platforms(and/the (boosterand ipstream(ofithebooster

and[the[terminal.




Thel controllogicl on[thel platforms(islas! follows. Alsufficientl number[ ofl pumpslis
running.[TheLevel[Control[Valves[(LCV)lontheproduction platformsthrottle ‘the pump
dischargepressurelinlorderfol¢ontrol the [level [in[the[Wwater/gas separator. [ Thistypelof
control(is(relativelyfastand[simpleland [fequires/smallerinvestments than(variable[speed
pumps. Theoperational[costlis[generallygreater than(the [0perational (¢ost[ofthe [Variable
speed [pumps, [becausetheldifferential(head[oflthe [ LCV’slis[dissipated. Another (ESD)
control Toop trips/the pumps(and(closes[ESD valves,ifd[certain[setpressureliséxceeded.
Thelset pressures on[P1and[P2[for[pump trip are[97.5bara. Other[¢ontrol loops[for
recirculation(andsingle[pumpstart/stop [are mot(relevant/for(the purposeoflthispaper.

2.1  INCIDENT

Prior [to [the[incident the(flow fatewas Gnly [72%[(1707 im’/h) 6fthe fiominal Gapacity.
Figure 2shows [themominal land(actual [pressure [grade(line priorto thelincident. The
friction [factor(inthe simulation hodel (has been [tuned[to hatchthedctual stationary
pressuregrade line, becausethe dctual DR A lamountland water [Gontent Were ot known
exactly. The pressure(spikes after(0km/(P1)and225km((B1)Icorrespond/withthelexcess
pressure (0f the [pumpswhichlis throttled by [the ILCV [on [platform(P1 land by [the [pressure
control valve (PCV)linboosterB1.
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Figure2: Nominal(and [pressureigradelineprior o incident

Thelincident/started With [complete pump [trip [due[to [power failure [in [the booster(station
B1/andconsequential (closure(oflthe @mergency shut/down valves (ESDvalves)inB1.
Thelincidentwas(also(c¢alled*ful[ESD”, implying thatthe By [pass [line was shutlaswell.
Figure 3 [showsthelincidentpressureson/platform(P1and ipstream[0flthe boosterstation,
starting (175 [s(before [the pump [trip.
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Figure3:Incident/pressure measurements(on platform[P1(andupstream ofthe booster

Thelstraightlines/at/80 barg(on theplatform(and 100 barg ipstream [0flthe booster
indicate thatlarger[pressures were motrecorded by the[SCADA [system. The pipeline
operator(wanted [to lensure ‘that/the haximum/(allowable incidental pressure (MAIP) was
notléxceeded duringthelincident. Furthermore [the [Operator wanted [to [énsure thatthe
MAIPwould notbeexceeded(atthedesignconditions. The clienticommissioned
WLI[[IDelft Hydraulics tolevaluate theincidentwith [the[transientsimulation [fool
WANDA landto[determine [thedonsequences [fortheldesign/conditions. The[projectteam
used thisincidentto[calibrate the €xisting[dynamic hydraulicmodel includingthe[control
systems.

3.0 INCIDENTEVALUATION
3.111  Offshorelline

The WANDA simulation hodel[shows anexcellent/agreement with [the [pressure
measurements(onthe [platformand upstream [0f'the booster((Figure4). The booster [pumps
trip(after 175(s/(Figure3and [Figure4). Thenthe [ESD valves[closelin201s, [causing the
pressurerise/from(5barg/to35 barg.[As the pressurewaveltravelsipstream fromthe
booster[to[the terminal, line packinglisvisible lipstream [0flthe booster[station. The
pressure wave meeds[190(sto reach platform (P 1. Now[the TLCV [dpensto [compensate [for
the reducing [flow [rate [from [the Wwater/gas [tank [(Figure 5), such(thatthe [pressure(on [the
platform riseswell@bove the recorded limit0f'80 Barg. The haximum[simulated [pressure
1s[96.5 bargatwhich the [ESD valveclosureland[pump [frip lareltriggered. The haximum
simulated[pressure ipstream 0f’the booster station(is (108 (barg [(Figure4).
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Figure4:'WANDA esults dompared Wwith pressure theasurements/ontheplatformand thebooster
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Figure(S:(WANDA [simulation Kesults [[flow rate and ILCV [position onthe[platform

Theloverall maximum /pressurelinthe0ffshorelcrude(oil linelis 110 Barg, whichlis

acceptable/(see(Figure(6).
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Figure(6:Pressureénvelopelin the/offshore(crudeloil pipeline

4.3[1  Onshorelline

Thelonshore/part(ofithe pipeline downstream 0flthe booster station[suffersamegative
pressureltransient, [during whichlthepressure(drops to[the bubble pointin the complete
onshore pipeline, €xcept/thelast15 Km(seeFigure (7). A significant amount(of'the lighter
fractions/comelout(oflsolution, @specially(inthe higher(sections between 65 kmand
90km (seetheprofilelin Figure(7). Theltotal[calculated Wvolume ofldegassed(fractionslis
about[60 m’.

Itmustbe noted [that/the(knowledge 0flthe dnshore pipeline(profilelis Timited to [the
profilelpointsin [Figure 7, whichdoes @ffect/the rfeproduction 0flthe incident.
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Figure[7:[Onshoreliead [€nvelopeand(profile

Themeasured(and/simulated pressure 10 km downstream[oflthe booster station is shown
in(Figure (8. Theinitial transient/due(to [the full ESD and [the[amplitude 0flthe [pressure
oscillation arereproduced Werywell. The timing 0f'the [pressure oscillation [shows/a[phase
shift.
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Figure(8:Incident(pressure/évolutionabout10km/downstream of the booster [station



Thelsimulated (oscillationlis[introduced by [the large [degassed volume at'the haximum
pipelinelelevation(after63 (km(in[thelonshoreline, which(generates an(dscillation(period
of220(s[(wavelspeedis[1170m/s). Themeasured(oscillation period(is 200 s, whichwould
corresponds with(aldegassed volumeafter 58 km, Wwhichis feasible, giventhe limited
knowledgelon [the pipeline(profile.

Figure9showsthe measured(andsimulated flow [rate and[pressure at the [terminal.
Different/control loops [in [the terminal were [activated [during(the incident, [Causing [the
closureloflthe terminal [control valve after(15 minutes/(9001s). The/deviation[inthe
terminallinlet/pressuretaybe caused by /areductionlintheeffectiveness(ofithe[DRA,[due
to/thefinitial flowdeceleration, butthisisspeculative. The WANDA [model assumes that
the DR A [remains/éffective/during the fransient.
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Figure9: Measured @and simulated flow date((Q) and [pressure((P)inthe terminal

3.311  “Benefits " ofthelincident

Thislincident/and itslevaluation have[provided athorough verification oflthelactual
controlsystems/onthe platforms, [ih 'the booster/and the[terminal, (becausemost/ofithe
controlsystem functionality was [friggered [duringthe incident. Thecalibrated(WANDA
model, includingtheldontrol Systems, has been used [to verify [thedesigndondition, Wwhich
proved(tobelacceptablelasiwell. [Furthermore, the[W ANDA imodels/have beenised with
increased(confidenceto verify [the feasibility of furtheripgrades (0f the pipeline capacity
andto [propose the required odifications to [the controlSystem, [in[order [to [Operate [the
systemlin(alsafe(and costlefficient[way.



4.1  DISCUSSION

During [the [ESD(incident, the [0ffshore [pipelinelisinnecessarily [pressurised by the LCV

opening[following the trip [0flthe booster[station, because [the [LCV [operates independent

ofltheldischarge [pressure onlthe(platforms. This[pressurisation may [be [prevented in

several lways:

e Addlalcontrollooponthelplatformto [trigger the[pump trip land Valvelclosurelihan
earlystage

e Preventltheloccurrencelofla“full ESD”inthe Booster station, [suchthat/aflow through
the by[passwill develop.

Theleffectoflthepressuredependent bulk modulus, whichincreasesabout30% from
2barglto[120barg, is[discussed(insection4.3.

4.111  SmartlESDIcontrolllooplon'the platform

Thesetpressurelto triggerthe [ESD[on [the platform (pump tripand [ESD [valve closure)lis
alfixed[set/pressure(0f(97.5 bara. During normal [operations(and(slow [transients the
discharge pressurelis(related(to the flow rate,laccording(to [the[quasi(steady [pressurelloss
equation. Iflthedifference between/the expecteddischarge [pressurel(based/on(the flow
rate)/and[themeasured/discharge(pressureexceeds [forlexample 20 bar, thenapparently
the booster/(station Has tripped/and(theplatforms/shouldtrip aswell. This/control Toop has
beenlincludedwithlanlaccepted pressure(difference0f20 bar. Now [the thaximum
pressurelin/the 0ffshore pipelinelis[80barglonly land the[ESDI(on [the platformis initiated
after220(s(already [(was 600 [s(after start 0ftheevent).

4.211  Bylpass|flowlinthelbooster station

Another feasiblesolution/is/to prevent(a*full[ESD” [inthe booster, such/thatlanew flow
rate throughthe by [passwill/develop. Thislalternativehasbeenevaluated andthe[system
gradually(recovers [to/itsloriginal flow rate, because the [LCV linthe booster station and on
the [platform [Open almosticompletely.
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Figure(10: Incident(with(bypassflowPressure/onplatform (andflowthroughbypass

4.311 Variablelwave speed

Thelsimulation [results abovelarebased(on/aconstantwave velocity. The Wwave velocity [in
the(WANDA models has/beenbased onthelinitial [pressure(onthe [platform (55 bara).In
reality, [the Bulk modulusiof’the/crude(oil increases/over30% [when the pressurelincreases
from(2bara(to 120 bara. Thelpressure/dependent/bulk hodulus/increases/the wave
velocitybylabout(10%/[(Table2).The variabilityinthe Wave Welocity has been verified
andhas/amarginal impact/onthesimulation(results.

Table2:'WaveVelocityat/differentpressures

Pressure | Oillbulkhodulus | wavevelocity
[bara] [GPa] [m/s]

2 1.23 1083

35 1.39 1144

69 1.53 1185

103 1.58 1200

121 1.60 1204




5.1  CONCLUSIONS'AND RECOMMENDATIONS

Ifithe(Teveldontroller(onalproduction [platformlis mot/linked to [the (platform’s/discharge
pressure, then/thelcontrol[system is [practicallydflow[controller, which [tends [to maintain
theupstream multi[phase flow rate after lany [downstream [ESD [procedure.

Thelreliability [and required pumping (energyoflaproduction platform will improve, [if the
control system of'the[platform(takes(into [dccount/thatthe[platform’s(discharge [pressurelis
coupledwiththe flow [rate. This[solution triggers the ESD [procedure (on [the [platform in
an/carlystage,[suchthat/the maximum [pressures are[significantly feduced from(110barg
to80barglin thisparticular/situation.

Another(feasible(solutionis [to [prevent/a“full ESD” [in[the booster station, such thatthe
platforms(can(continue [theirproduction.

Thelincident/eévaluationdonfirms(that'W ANDA [is [perfectly [suitable for[simulation(of
critical[transient/évents/in [these kind [0f(systems/includingcontrol Toops. IDynamic
hydraulicmodels, as builtwith WANDA, [should mot/only be ised toladdress safety
issues, butlalso for(all kinds0floperational loptimisations. [Currently [such odels(are(only
used(during(the(detailed/design stage(tosizelanti[surge provisions/or(to Verify mormal
operations [and@mergency [procedures. [However, [accessible dynamic hydraulic models
can/beised [tosettletheasbuilt/situation/ofthe pipelsystemand [control systems. [Such
models[should beldalibrated/during dommissioningtests.[Anlipgrade(ofithe[system
capacitylorltemporary modifications [to the liardware[or[the [Control[sSystem[are [€asily
verifiedlon/theldesign/scenarios, if'such/calibrated[dynamichydraulic hodels wouldbe
available.
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