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Abstract

The appliance of Real Time Simulation (RTS) systémngias pipelines is essential for supervisory eoitrol
rooms, providing safer and more efficient operatiamd complementing Supervisory, Control and Datguésition
System (SCADA) functionalities. Another common usagf these softwares is for training purposes ideprto
simulate critical variations on system parameterfaiture scenarios of the involved equipment, ldasa up-to-date
operational conditions.

Since the implementation of its RTS system for giaelines, the Natural Gas National Operational t&dn
Center (CNCO/Gas) of Petrobras Transporte S.A. ANBPETRO has been facing the need of developingpee m
specific tool to simulate gas city-gate and theagesses in details. Based on that, an initiatise leunched and a tool
called SImPE was developed with the additionalntite of integrating it to the existent RTS systdmat simulates the
thermo-hydraulic behavior of gas pipeline netwoiksis article presents a brief description of RRiES, including: real
time monitoring module, predictive module, look-atlenodule and trainer module.

The development of the SImPE is described in fduasps: (1) modeling an existent city-gate basedson
equipment and historical operational conditionso{ptype); (2) development of a new communicatioteriiace
between SImMPE and RTS to share the station preeesbles; (3) programming of city-gate failure is@gos through
SImPE and verification of their impact on the g@sefine during an RTS trainer session; (4) upgrtmesimulator,
creating three additional models aiming to cover mleximum possible number of different charactesshmong the
city-gates operated by TRANSPETRO.

The simulator SimPE, sponsored and owned by TRANSRE, has been already validated and is able to
reproduce real transient behavior of the gas g main equipment, such as: filtering systerhst-down valves
(SDV’s), pressure control valves (PCV’s) and tHailure mode, flow metering systems and gas heaterkding their
automation and programmable logic control.

It is also discussed in the present work the deraént and integration of these different simulatioals
(RTS and SIimPE) with SCADA through a shared dasf@im that connects all three softwares using MeeRTU
protocol and giving the trainee a reproductionitf-gates real operation with the highest possiialelity. Finally, the
whole work has been conceived and carried out beroito support and to improve CNCO/G&s’ trainingl an
certification processes.

1. Introduction

A pilot project was initiated at Transpetro (CNC@&ptargeting to evaluate the RTS system advantaggss
pipeline operators training and certification prags. Part of the project scope is the developmieatsoftware called
SIimPE that can simulate and mimic the behavior ad gity-gates with different equipment layouts sittea to
abnormal operational conditions. The results olethiftom a first model based on a real city gateostaf Aparecida,
that will be depicted in this study, were fundana¢rto develop other types of city-gate station nedd&orte
Fluminense, Capuava, Camacari-Manati) and createra complete training experience for gas operators

The main objective of this paper is to presentarvew of the development of a training environtnesing
SIMPE, RTS and SCADA interface, and its implemémtaprocess. From results, the potential of tha&ning
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environment could be foreseen as an important fmoloperator training and certification processadditionally,
important points gained during this project expaceewere emphasized.

The SIimPE is a software that calculates the thempavaulic behavior of city-gate equipments, inchgli
filters, control valves and heaters, and sendsitifidgsmation to an RTS software that calculateswiele gas pipeline
network. The Figure 1 illustrates the SIMPE/RTS/®@Acommunication scheme composed of software andviare
elements. In the online mode, the data from reaétinstrumentation is delivered through an ODBQiserto both
SImMPE and RTS, and then information is processetalktime speed. The online mode is used to olaaimitial
operational condition and to create a historiciofutated data for tuning and comparison later.He trainer mode,
RTS and SimPE shares city-gate upstream data dinlpus-RTU protocol and SCADA database. Trainer encahn
run in real-time speed or faster than (up to 2@s$inthe real-time speed). The trainer mode alsovalthe operator to
monitor and interact with transient simulated scsausing the SCADA console and its human-maciiterface
(HMI). In his turn, the instructor can run abnornsmenarios (gas leaks, valve failures, client-ditteckages) to
evaluate how is the operator response to abnoromalitions.
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Figure 1. SimPE/RTS/SCADA Communication ArchiteetuiOnline and Trainer Modes

2. Gas City-Gate Description

The complete natural gas conditioning processtingates occurs in five sequential zones: filatiheating,
pressure control, fuel control and metering. Thaeeess zones are presented in Figure 2.
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igure 2. Common Processes in City-gate Stati@whematic View

T

In the initial zone the gas cleaning takes platecyclone and cartridge filters. The cyclone fitarses
centrifugal energy to separate denser materialdgosate) from the stream received by the pipelihe. centrifugal
forces generated by the conversion of pressureggnriato velocity enables significant amount of pdes to be
removed. The remaining solid and/or liquid parsclare removed using filter cartridges that retdiamt as a
combination of direct interception, inertial impiact and diffusional attraction effects. These tilteffs are necessary
to avoid premature equipment downtime and ultinyafi@lure of the downstream equipment within thegisin.

The gas heating zone is composed by three-wayhbles and indirect fired water bath heaters (IFYyB
The main purpose of the water bath heaters is & tie high pressure gas prior to its pressurectaxdu phase,
preventing external frost formation and gas tenmjpeeadisqualification due to Joule-Thompson.

Fuel control is basically composed by control ealthat regulate the flow and pressure of gas teent
combustion in the bath heater firetube.
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The metering zone is composed by temperature eggbygre sensors and a flowmeter. Flowmeter ougput i
commonly used to calculate the volumetric gas fldwecustody transfer conditions according to Bramilregulation
(20°C e 101,325 kPa).

Lastly, a typical pressure control section has twanore branches, each one dowered of controtdetan
and relief valves. The control valves reduce thenrtkiream pressure to values compatible to localdigstsibution
system, whereas the shutdown and relief valvesiaaiase of unexpected valve closure or failuree Flgure 3 shows
a pressure control area with two branches, eachwithedifferent setpoint adjustments for SDV'’s (sllown valves),
monitor PCV'’s (pressure control valves), reguld®@V's and relief valves PRV'’s (pressure relief sl The valves
PCV02A/B are regulators configured on a fail-opeads and PCVO01A/B are monitors configured on a dhike
mode. In this configuration, it is important to edbhat the regulator PCV02B adjusted with the satgey; will take
control if the monitor PCV01B fails (consideringabchB operational). The PRV’s are designed to reliefyarall
volumes. If the pressure continues to rise, ontb®SDV'’s closes when the setpdifys is reached.

Pset3 > Pset2 > Pset1
Pshut > Prelief
Psetd iy Prelief
i close  pget2 | fail
5 i open
% i & PRVO1A
SDVO1A PCVO1A PCV02A
Pset3 f fail s
- | close Pset1 § fail
I, R S 1
SDV01B PCV01B PCV02B PRVO1B

Figure 3. Pressure Control Zone Schematic

Backing to the gas heating zone, the need foaa pge-heating system with three-way valves is itiomed
by Joule-Thompson effect in the pressure controlezoConsidering the solution of the Peng-Robinsguation of
state (EOS) and fixed requirements forupstream ¢eatpre and downstream pressure, the Figure 4atedichat a pre-
heating system is necessary when downstream tetapeiia below itscity-gate lowest limit. Also, itismportant to
emphasize the influence of gas composition ontyiuis of survey.
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Figure 4. Joule Thompson Effect — EOS Peng-Robi3@ases)

3. SImPE Specification

The SIimPE solver evaluates the solution of a simgilase one-dimensional gas network with a topology
defined by nodes and elements that representy gati¢ station equipment: filters, heaters, threg-walves, SDV'’s,
PCV’'s, PRV’'s and flow meters. These elements angomant to simulate the process inside a city-ga#tion as
described in the item 2. For each solution stamralinear system of equations (for both elemants nodes) must be
solved simultaneously using Newton method. Theesgstf non-linear equations is composed of massggrend gas

3
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composition balance at nodes and pressure dropheat transfer formulas for elements. The transsamation is
obtained with explicit differential equations, asluion for bath heater formula using Runge-Kuttd drder
approximation.

Inside SimPE, formulation includes a single phga® approximation of cubic EOS Peng-Robinson amd&o
Redlich-Kwong with Van de Walls Mixture Rules. Asoposed by Pratt (2001) the EOS formulas are usedltulate
the natural gas thermodynamic properties (densitghalpy, temperature) and thermodynamic behavker Joule-
Thompson effect.

The SIMPE has a regularization method that idestiénd deals with zero flow condition, that magws
during failure and operational scenarios. A simidaro-flow technique in solving non-linear systequations for water
distribution system is detailed by Elhay (2011}tdve the global gradient problem of Todini andai{1988).

3.1. General Formulation

When a gas flows through an adiabatic throttleetlie a change in temperature due the Joule-Tham{iSg
effect. For natural gas mixtures the (Joule-Thompson Coefficient) is positive which mea temperature drop. This
thermodynamic behavior is found in experimentalidersion curves demonstrated by Hendricks (197#) @an be
predicted using non-ideal gas EOS like Peng-Rolingleere the intermolecular forces are consideretienenthalpy
evaluation. The equation (1) shows the standantribeynamic definition for JT coefficient. A temparee difference
is obtained by a thermodynamic function of enthapyg pressure T(h,p). For valve elements the effecbnsiderate
assuming an isenthalpic procebgxhgy).

-[oT 1)
Hyr (apl

The steady-state approximation for momentum amdggnequations applied to equipment is shown in(2)e
and (3) respectively. Where K uses the pressuistaese coefficient to normalize the gas transiibsi.

Q%K -(p2 - p2,)=0 (2)
MM, =My —4=0 (3)
3.2. Valves

For the complete modeling of the valve for steaidyesand transient scenarios, it is necessarydoifgpthe
curve G, versus valve positiofo and time travel intervaY. With the valve curve defined, the simulator ctdtes the
correct gas flow and downstream pressure and tenperas function of the valve position. The €presents the
pressure resistance coefficient for valves; andatse can be converted tg, @rovided by valve manufacturer using
expression (4):

K\/ - Zin [Tm Uz/g (4)
Cy(fo)

The valve flow can be evaluated using ANSI/ISA025(2002) formulas that uses valve coefficienpt These
formulas are used for control valve sizing in sutisd5) and sonic (6) flow conditions. The compiiedity factor Y
accounts for the expansion of compressible gaseisités equal to 1.0 for incompressible fluids.

2 _ —
Q :CVY plnz Bglrb?out , plnp Pt <1 (5)
out

2

Q = 0667mv F)Irl , F)In - pOU[ 21 (6)
ZIGO Py

The three-way valve element has one inlet and tutbets and is responsible to regulate the amourgasf
passing through the water bath heater. The modeljjugtions for a three-way-valve are similar of tiWovalves (with
reciprocal G curves) connected to same upstream node.

The SDV element closes at a time interval in twoiagions, when downstream pressure is higher ttsan i
setpoint or in case of backward flow behaving oliesea check valve.
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3.3. Filters
After experimental data analysis, Shepherd angleaf1940) established a relation between the presirop
and the dimensions for a cyclone filter using aetisionless number of gas inlet velocity heads shown in (7):

alb
{=|— (7
D,
Cyclone filter manufacturers commonly adopt dinienal relations among inlet heigat inlet widthb, outlet
diameter Do), and external barrel diameter The expression (8) uses the number of gas ielecity heads based on

filter geometry to evaluate the pressure resistanefficient of filtration k:

. Ph —[ P —f[%pgviijjz (8)

F Qz

3.4. Heaters

The IFWBH model is a transient formulation providedsimulate the local thermodynamic behavior oéa
equipment. In the IFWBH element, the heat is tramsfl at first from gas combustion to water magg épd afterward
from water to gas stream,{g As shown in equation (9) the water temperatyyevdries with the energy accumulation
indicated in the second term. The evaluation ofe@hergy accumulation depends on some dimensionathermal
parameters like: water heat capacity, (rcp,), overall heat transfer ared)( global heat transfer coefficient (U), and
log mean temperature difference (LMTD). Also, othariables as upstream gas flow rate or combusteat transfer
rate can interfere with water bath temperatureamsequently the heater downstream temperature:

dL _ % — G =0 ©)
dt  mc,,
q, ~UALF [LMTD =0 (10)
G, =77 @, [h (11)
_ _ 12
LMTD = (TW Tout) W Tln) ( )

—(T
n TW—TMJ
TW _Tin

A fourth order Runge-Kutta algorithm with explicitpproach was implemented to evaluate the water
temperature, an approach usually employed fordhdisns of ordinary differential equations.

The idealized heater is the steady-state versidgheofFWBH and can be employed when the dimensiandl
thermal properties of the water bath heater are well-known. The idealized heater operates in twodes:
downstream temperature mode or transfer rate mdithen transfer rate mode is chosen, the heater eaetofor gas
heating or gas cooling depending on the signahedfifor heat transfer rate. Per convention, a ipesitalue for heat
transfer rate results of an increase in downstreanperature.

3.5. Flowmeters

As well as for valves, the orifice meter equatiefies on the pressure drop using a pressure dreffigent
parameter (Cmeter) and the orifice area (Ao) to maten fluid flow as per equation 13. According t@ tivork of
Andrews and Willians (1979), given a constant Cm#te non-recoverable pressure drop is a functfchevarea ratio
between the pipe and orifice. The orifice platthis most commonly meter because of lower costitloueates a rather
large non-recoverable pressure due to the turbelarmund the plate and a accuracy of 2-4% of fadhs

2 n — Mou
Qme(er = Abvo = CmeterYAb p lpl Ag?'&z (13)

For turbine meters as fluid flows through the togjiit causes the turbine to rotate with an angudéocity
that is proportional to the fluid flow rate. Theduency of rotation can be measured and usedt¢ondiee the flow.
The differential pressure developed across a tarbieter at operating conditions can be estimatiu ke following
formula 14 where the resistance coefficient fobitue Kr is obtained using the pressure drop at maximum fette of
the meter:



Rio Pipeline Conference & Exposition 2015

2 _ .2
KT - (pin Qg::t )max (14)

4. Real Time Simulation System
4.1. System Description

RTS is a gas pipeline simulation sofware platf@t Transpetro (CNCO/Gas) based on state-of-adetirg
technology that provides some advanced pipelindicgtipns like automated forecasting, maintenankesning and
operator training. The software is configured todedathe entire gas network operated and maintaitye@NCO/Gas,
considering interface with the SCADA system in artetransfer real time pipeline data, such asflgag pressure and
temperature measurements, used as baseline inpuhdomodel (see figure Figure 5). The idea is mhagce
profitability by lowering operational costs and ioizing pipeline throughput.

Figure 5. System Functional Illustration

The system provides full transient model cajiizdsl and can be configured to automatically nofifyure
events and alarms. Also, it is possible to caleukrvival time at different locations throughobe tgas pipeline
network. It supports predictive analysis based widt-if” scenarios, which helps in the daily dearsimaking
processes.

RTS also includes simulator training functiotalihat can provide a comprehensive and realiséing
environment for the operator qualification and ifiegttion processes currently established at Tratisp

4.2. System Functionalities

The RTS system currently used at CNCO/Gas fer éhtire gas network has the following types of

functionalities:
* Real Time Model (RTM)
* Look Ahead Model (LAM)
» Predictive Model (PRED)
e Training Model (TRAIN)

By functionality is meant the various forms dfmslation the system allows to perform. The lastéh
functionalities listed above are always relatedhtmespective model in RTM, which means having #ésirstate an
instant data snapshot of an RTM.

Using both LAM and PRED, the system is capalblproviding a future state based on an initialest@®TM).
By running an LAM, there is no possibility of inttocing any event that causes a simulation transienthe model
simply starts from an RTM instant and then projehis condition through the desired time frame.t@a other hand,
PRED enables the possibility of interacting dutting entire simulation time frame, thereby creatmagsient scenarios.
TRAIN is similar to PRED, since that training rexgs interaction of the trainee.

5. Urucu-Coari Gas Pipdline

The pipeline crosses the state of Amazonasiniinkroductive province of Urucu to state capitdanaus,
where there is a refinery called Reman. It hada tength of about 380 km and nominal diameter§®fnches, in the
section between Urucu and Coari, and 20 inchebgeisection between Coari and Manaus (Reman). @yréhe total

6



Rio Pipeline Conference & Exposition 2015
capacity of transportation in this gas pipelineofs approximately 6.9 x fOm3 per day, at Petrobras standard
measurement condition (20 ° C and 1 atm). Maximperating pressure of 120 kgf/cmz.

Some pressure regulating stations (PRS) weralled along the pipeline to feed secondary diatidn
branches to locations and industrial plants sithaiearby the pipeline. Consequently, gas city-gatesfound over
these branches for conditioning and measuremethieajas delivered.

In one of these branches, called Aparecidatuated the city-gate also of the same name andhwiovides
natural gas to the location of Aparecida (FigureB&cause of its simplicity, this was the city-gek®sen as a pilot for
modeling and simulation in SIimPE development.

Coari .
Anori

Caapiranga

Lrucu
Juaruna ‘ paremda

&}:

Maus
T — EE

*- /
Codajas R l R\"'

Anama
REMAM
Manacapuru Eﬂ;\ '
Iranduba

Figure 6. Location of Aparecida City-Gate Along theucu-Coari Gas Pipeline

6. Model Description

The dynamic formulation applied to develop SimBEble to simulate the five process zones, althdhgh
pilot model of Aparecida has only three procesBksring, pressure control and flow metering. THigure 7 shows the
Aparecida city-gate model with one supply from Ur«Coari pipeline and two delivery points (city-gatd TE and
CIGAS) that represents two customers with differ@otvnstream regulation conditions. The UTE is artteelectric
plant that demands a minimal pressure of 46 kgflantt CIGAS a gas distribution company that demandsnimal
pressure of 17 kgf/cmz2.

Pshut=60,0 kgf/cm?

{Pset=49kgficm®  Pset=47,5kgflcm® |  Frelief=54.0kgfiem
XV14A PCV13A PCV12A EM32A UTE

e — 1y 08—

Qmax=1200 kSm3/d

Pshut=60,0 kgf/cm?
i Pset=49 kgf/cm? Pset=46,0 kgficm? i
XV14C PCV13C PCv12C

A S

Pshut=23,0 kgf/cm?
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XV114A PCV113A PCV112A $ FM132A CIGAS
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Pshut=23,0 kgf/cm? Qmax=2800 kSm3/d

FT01B

{ Pset=19 kgficm? Pset=17,0 kgficm?
Xv114C PCV113C PCV112C %

S

Figure 7. Aparecida City-gate Model — Schematiowie

At first to build a city-gate simulation model iecessary to gather the equipment manufacturernmafiion
and city-gate design limits for a steady-statedalon. In the Table 1 is shown the input paransetieat were used in
the pilot model. The normalized gas compositionwahdn Table 1 is the mean average obtained froncuh@oari
pipeline chromatographer in a time interval of swnths and was kept constant during the simulafi@nm.trainer
purposes the PRV’s are modeled like a control valdere the setpoint is equal the surge relief pres{qic)
connected at delivery with a controlled flow rafel®o of the maximum flow for each branch.



Rio Pipeline Conference & Exposition 2015

Table 1. Model Input Parameters — Pilot Model - Aggada City-gate

Gas Supply: URUCU
Pressure and Temperature Scenario
Constant Molar Composition

C1=74.57%;C2=11.28%,C3=0.12;
N2=13.85%;C02=0.18%

CycloneFilter FTO1A/B
Barrel Diameter D = 26 in
Filter Dimensions
a=0.5D; b=0.25D; R=0.5D

SDVs XV14A/C
Cv=5000
Pset=60.0 kgf/cm?
Fail Mode: Close

Monitor PCV13A/C
CVope=125
Pset=49.0 kgf/cm?
Fail Mode: Close

Regulator PCV12A
CVoper=133
Pset=47.5 kgf/cm?
Fail Mode: Open

Regulator PCV12C
CVopei=133
Pset=46.0 kgf/cm?
Fail Mode: Open

SDVs XV114A/C
Cv=5000
Pset=23.0 kgf/cm?
Fail Mode: Close

Monitor PCV113A/C
CVope=125
Pset =19,0 kgf/cm?
Fail Mode: Close

Regulator PCV112A
CVope=133
Pset =18.0 kgf/cm?
Fail Mode: Open

Regulator PCV112C
CVope=133
Pset =17.0 kgf/cm?
Fail Mode: Open

Flowmeter FM32A

Flowmeter FM 132A

b Ve 41%Ak/§f/cmz PSF;T‘:’;“OG% C o | Knom150 kPaIMZ) | K20 kPal(mS)
) ) Qmax: 1200 km3/d Qmax: 2800 km3/d
Delivery: UTE Délivery: CIGAS

Flowrate Scenario Flowrate Scenario

The operational scenario must be collected froal mestrumentation or simulated by RTS and transber
SIimPE establishes the group of boundary conditaingas supply URUCU, and both deliveries pointskswyn in
Figure 8. The chosen scenario represents two simedius conditions during four days: a ramp up ftate for UTE
and a normal distribution demand of CIGAS.

Gas Supply URUCU (Pressure and Temperature) Deliveries UTE and CIGAS (Flowrate)

—Upstream pressure  —Upstream Temperature —Flowrate UTE —Flowrate CIGAS
62 26.4 2000
61 52-2 1800
560 258 ~ S 1600
T Q % 1400
S 59 256 = :
I 254 2 T 1200
° 2528 @ 1000 f
757 5 & € 800 L
(%]
g 56 24.8 © E 600
24.6 < 400
55 24.4 17} 200 ﬂ—J
54 24.2
0 20 40 60 80 100 0
hours 0 20 40 hours 60 80 100

Figure 8. Input Operational Scenarios

7. Simulation Resultsfor Online M ode (Nor mal Scenario)

During the trainer session the operator can mottit® valve position and acts in case of abnorrahblior in
the pressure control zone. The simulation result$e control valve position and standard flow sater a normal
operational scenario are illustrated in Figure Be Valves position of the regulators (FR12A and ERIcan indicates
if there is flow inside the control branch A or EQ12A, FQ12C). The valve position and standard ftate history
charts indicates that only branch A operates duringmal operational scenarios. A similar behaviocurs with
CIGAS pressure control system.

Valve Pesition Flowrate

120,04 1200000.0
96.0 960000.0
720+ 7200000
B e -
48,04 ( 480000.0
US| T
24.04 240000.0
.
T T T T T O 0
27/05/1400:0000  28/05/140000-00  29/05140000:00  30/05/14 00:0000  31/05/14 00-00-00 27/05/14 00:00:00  28/05/14 00:00:00  29/05/14 00:00:00 ~ 30/05/14 00:00:00 ~ 31/05/14 00:00:00
Intervalo: 100 hrs Intervalo:100 hrs
-------- ACAgFR14A —— ACAQFR12A —— ACAgFR13A « ACAgFR12C —— ACagFQ12A ACagFQ12C

Figure 9. Position and Flowrate History for UTE Wed (Normal Scenario)

In online mode simulation it's possible a real dindata comparison between simulation and SCADA
instrumentation for delivery pressure and tempeeatlihis procedure allows the calibration of thelderhompson

8
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coefficient and compressibility factor and in aduit to measure the performance of EOS in predictimg gas
properties. The simulation results using the Peafjifison EOS and fixed composition is show in Figliee The
delivery temperature history charts indicates aimam deviation between SimPE and SCADA of @6at UTE and
1.0 °C at CIGAS. The delivery pressure history indicathat the downstream pressure calculated by SimPE
approximates with the real pressure indicator.

UTE (Pressure and Temperature) CIGAS (Pressure and Temperature)
Pressure SimPE —Pressure SCADA —Pressure SCADA Pressure SIMPE
475 --- Temperature SimPE — Temperature SCADA 22 182 - Temperature SimPE — Temperature SCADA 7
18.1
18 M 6.5
e MMJJ 6 3
V
E 17.8 | b 2
S 17.7 p 55 2
< fon, Fom PAPTOR "y AN 5
o 176 k AT e W f g
3 175 e o Y= 5 €
6 174 —— 45
& .
17.3
17.2 4
20.00 40.00 60.00 80.00 100.00 0 20 40 60 80 100
hours hours

Figure 10. Delivery Pressure and Temperature Histamparison for UTE and CIGAS (Normal Scenario)

8. Simulation Resultsfor Trainer M ode (Abnormal Scenarios)

The true reason for appliance of a numerical td@ SimPE is the simulation of abnormal situatidns
operational training as valve failures, filter offggl and heaters cool down.

In the trainer mode the pressure and temperatmditions for gas supply is simulated by RTS aral ftw
rate at deliveries is defined by SimPE using opamnat data scenarios. If a failure occurs in thg gate the total flow
at supply URUCU must be sent back to RTS comp@adiwork behavior.

One possible approach is to run the SimPE witH®US calculation and loading the input operational
scenarios from history archives saved during onsimeulation. For trainer models running abnormainsrios this
hypothesis can be considered because of the shmsiént of the gas pipeline network.

A hypothetical trainer session can reproduce awmbal scenario as sequence of failures in thespres
control system: (1) regulator A failure (2) monitarfailure (3) regulator C failure (4) UTE cut flowhe simulation
results of the abnormal scenario in UTE are pldtigure 11.

Valve Pasition PT_UTE
1200+ 60.01 F25.0
1 2 3 4 1 2 3 4
72.04 ||____.... —_— o 540+ F15.0
® —_— | | é 2
48.04 \ 2 510+ 0.0
24.04 ‘ 480 Fso
29/05/14 22:00-00 29!“5]14‘22'30'00 29!“5/14‘23'00'00 29/054’14‘23 30:00 3“/05/14‘00 00:00 450 T T T T 00
29/05/14 22.00.00 29/05/14 22:30.00 29/06/14 23.00:00 29/05/14 23:30:00 30/05/14 00:00:00
DatafHora
DataHora
—— ACAQFRI2A —— ACAQFR13A —— ACAQFR12C —— ACAgFR13C — ACAGPTR2 — ACAGTT2

Figure 11. Valve Position and Pressure-Temperddig®ry for UTE — Abnormal Scenario 1

Another trainer session called abnormal scenariepfoduces a sequence of failures in the SDVI@AG:
(1) XV114 close, (2) XV114C close. The action (8presents the response of the operator to opek\thé&4A and
reestablish the operation. The simulation resoltsHis abnormal scenario in CIGAS are plot in Fegl2.
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Figure 12. Valve Position and Pressure-Flow HisforyCIGAS — Abnormal Scenario 2

9. Conclusion

The SImPE software integration project with RT8 &CADA systems started in 2014 and at presestsiili
being developed. The initial results obtained froilot model of Aparecida city-gate were shown iisthaper for two
purposes: online simulation, to validate gas pridg&rcalculation, and trainer simulation, to stuthe abnormal
condition of the pressure control system. Sincd, thagreat effort has been applied on the developroé the
communication interface and software performance.

In this first model the gas composition was keped, but it is taken for grant the developmentadbetter
solution, where the gas composition is obtainedhfamline instrumentation, having the gas propertadsulated on a
real-time basis during online simulation. A moremgete simulation model for trainer purposes wimperature
control system, and flow control valves (FV) wi# developed in the next phase of this project.

Another future appliance of the SIimPE relies omst Bpeed calculation to predict local survivaletiof the citygate
based on its minimal contract pressure.
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