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Cuvinte cheie: monitorizare, sistem automat, microcontroller, conducte, modelare,
scurgere, detectare, localizare.

Rezumat

Transportul prin conducte reprezinta cel mai utilizat, eficient si sigur mijloc de transport al
produselor petroliere. indeplinirea obiectivelor de calitate, eficientd si securitate pentru acest
proces poate fi realizata inclusiv prin solutii performante de monitorizare automata.

In acest context, prezenta teza de doctoratisi propune sa aduca unele contributii referitoare
la problematica monitorizarii automate complexe a sistemelor de transport al produselor
petroliere prin conducte. Obiectivele generale vizate in cadrul lucrarii se referd la urmatoarele
aspecte:

» analiza stadiului actual al realizarilor referitoare la monitorizarea automata a
sistemelor de transport al produselor petroliere prin conducte;
cercetari privind abordarea sistemica a procesului de transport prin conducte;
elaborarea si testarea unor modele de simulare asociate sistemelor de transport;
dezvoltarea unui sistem automat de monitorizare automatd a procesului de
transport al produselor petroliere prin conducte;
utilizarea sistemului de monitorizare propus in detectarea si localizarea scurgerilor
din conducte.

Activitatea de cercetare in vederea realizdrii tezei de doctorat aavut la bazaurmatoarele
etape:

- o cuprinzitoare documentare cu privire la domeniul monitorizarii automate a sistemelor
de transport prin conducte;

- activitati de cercetare practica in laboratoarele de hidraulicd aleDepartamentului Forajul
Sondelor, Extractia si Transportul Hidrocarburilor din cadrul Universitdtii Petrol-Gaze din
Ploiesti;

- viziteefectuate la compania S.C. Conpet S.A. Ploiesti, care au contribuit la formarea
convingerii cad eficienta procesului de transport depinde de felul in care acesta este
cunoscut §i condus. Cu ocazia discutiilor purtate in cadrul acestor vizite, autoarea a luat
cunostintd de realizarile actuale privitoare la monitorizarea procesului de transport
(sistemul SCADA implementat in cadrul companiei Conpet), precum si de limitele
existente in prezent in acest domeniu, cu precadere cele legate de detectarea si localizarea
scurgerilor din conducte.

Lucrarea este structurata in cinci capitole, care vor fi descrise succint 1n cele ce urmeaza.

Capitolul 1 caracterizeaza pe scurt retelele pentru transportul produselor petroliere prin
conducte. In ceea ce priveste sarcinile si riscurile asociate transportului, este argumentat faptul ci
indeplinirea celor trei categorii de obiective aferente unui proces tehnologic (calitate, eficienta,
securitate) se poate realiza numai in conditiile unei conduceri performante, sustinuta inclusiv de
monitorizarea automata.

Capitolul 2este destinat analizei stadiului actual al realizarilor privitoare la monitorizarea
automata a sistemelor de transport al produselor petroliere prin conducte.Sunt prezentate
tehnologii semnificative referitoare la sistemele de masurare, precum si implementarea sistemelor
moderne de monitorizare bazate pe elemente de procesare precum automate logice programabile
sau microcontrollere. O atentie deosebita este acordatd sistemelor de detectie si localizare a
scurgerilor din conducte (LDS — Leak Detection System), prin prezentarea diferitelor metode de
detectie, precum si a criteriilor de evaluare a performantelor sistemelor LDS.

Capitolul 3 abordeazd modelarea i simularea procesului de transport al produselor
petroliere prin conducte. In prima sectiune a capitoluluisunt prezentate pe scurt citeva notiuni si

Y VYVVV
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mirimi specifice produselor petroliere si miscarii acestora prin conducte. In subcapitolul care
abordeaza din punct de vedere sistemic procesul de transport, ca subsistem al unui sistem
automat, sunt identificati parametrii aferenti procesului, sunt prezentate notiuni privind modelarea
matematici a acestuia si sunt identificate proprietatile sistemului automat considerat. In acelasi
capitol 2 sunt prezentate ecuatiile ce modeleazd procesul de curgere prin conducte, in regim
stationar si in regim dinamic. In ambele cazuri, sunt prezentate aplicatii dezvoltate si
implementate de citre autoare Intr-un mediu vizual de programare, aplicatii destinate simularii
curgerii produselor petroliere prin conducte.

Capitolul 4evidentiazd contributiile autoarei referitoare la dezvoltarea unui sistem de
monitorizare automata a procesului de transport al produselor petroliere prin conducte, respectiv
propunerea unui sistem cu o structurd partial distribuita, care utilizeaza drept unitati distribuite de
control, sisteme cu microcontroller.In subcapitolele 4.3 si 4.4 se prezinta sistemul de achizitie a
datelor SDMAPT,proiectat si realizat de cétre autoare. Acest sistemindeplineste functia de
monitorizare a unui proces ipotetic de transport, care include masurarea temperaturii, presiunii §i
a debitului Tn mai multe puncte, cu transmisia datelor la un sistem central. Sistemul SDMAPT
contine o unitate centrald de control (un sistem cu microcontroller Microchip PIC32MX) care
primeste date de la doud unitati mobile subordonate, printr-o comunicatie wireless, realizatd cu
ajutorul unor module de radio-frecventa XBee. Pe unitatile mobile exista cate trei senzori - pentru
presiune, debit §i temperatura.

Avand in vedere cd o caracteristica a procesului de transport prin conducte este
distribuirea sa pe suprafete largi, in subcapitolul 4.5 este propus un sistem distribuit de
monitorizare automata a procesului de transport (SDMAPT v.1), constituit din mai multe unitati
distribuite de control de tip SDMAPT. Pentru acest sistem de monitorizare este implementata o
aplicatie de nivel inalt (numita AMAPT-DLS) care centralizeaza si monitorizeaza in timp real
datele primite de la unitatile distribuite. Aplicatia contine si un modul importantcarepermite
sistemului SDMAPT v.1 sd functioneze ca un sistem LDS (Leak Detection System). Pentru
detectareascurgerilor din conductd se propune o metoda bazatd pe modelarea tranzitorie in timp
real (RTTM — Real Time Transient Modeling) — prin utilizarea modelului matematic al curgerii
prin conducte prezentat in capitolul 3 al lucrarii. Pentru localizarea scurgerii si estimarea
diametrului sparturii sunt utilizate metode bazate pe analiza presiunii §i respectiv a echilibrului de
volum.

Capitolul Sevidentiaza principalele concluzii, o sinteza a contributiilor lucrarii, la care se
adauga posibile directii de continuare a cercetarilor in acest domeniu.
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Summary

Pipeline transportisthe most common, effective and safe means of transportingpetroleum
products.Achievingquality, efficiency and safetyof thisprocess can be
performedincludingautomatic monitoringperformance solutions.

Inthis context, thisthesisaims toprovidesomecontributionson theissue ofautomatic

monitoringcomplexsystemstransportpetroleum productsby pipeline. The general
objectivesconcerned in this paperreferto the following:
» analyzethe current stateof the achievementson theautomatic

monitoringsystemstransportpetroleum productsby pipeline;

» research onsystemic approach toprocesspipeline;

» development and testingsimulation modelsassociatedtransport systems;

» development ofautomaticmonitoringthe processof transportingpetroleum productsby
>

pipeline;

using theproposed monitoringsystemdetecting and locatingleaks inpipelines.

Researchto achievethe thesiswas based onthe following steps:
-Acomprehensivedocumentaryabouttheautomatic monitoringofpipelinesystems;

-Practicalresearchlaboratoriesof the Department ofHydraulicWell Drilling, Extraction and
transportation ~ of  hydrocarbonsfrom  thePetroleum-Gas  Universityof  Ploiesti;
-Visit tothe companySCConpetS. A.Ploiesti,whichhave contributed tothe belief thatthe
efficiency oftransportdepends onhow itisknownand managed. Discussions heldduring
thesevisits, the author became aware of thecurrent achievementsconcerning
thetransportationprocess monitoring(SCADA systemimplementedin the companyConpet),
and the limitationsthat currently exist inthis area, especially those related to the
detectionandlocatingleaks inpipelines.

The paper is structuredin five chapters, which will be describedbrieflybelow.

Chapter 1 briefly characterizes networks for the transport of oil through pipelines.
Regarding the tasks and risks associated transport is argued that the achievement of the three
objectives related to a technological process (quality, efficiency, security) can be achieved only if
performance leadership supported including automatic monitoring.

Chapter 2 is intended for the analysis of the current state of achievements regarding
automatic monitoring systems for pipeline transportation of petroleum products. Significant
technologies are presented on the measurement systems and the implementation of modern
systems based on processing elements such as programmable logic computers or microcontroller.
Particular attention is paid to systems of detection and localization of leaks in pipes (LDS - Leak
Detection System) by presenting different detection methods and performance evaluation criteria
for LDS systems.

Chapter 3presents the modeling and simulation of transport of petroleum products by
pipeline. The first section of the chapter summarizes some concepts and specific quantities of
petroleum products and their movement through pipelines. In section addressing systemic
approach of the transport process, as a subsystem of an automated system, are identified related
process parameters, are presented notions on its mathematical modeling and system properties are
identified. The next sections present the equations that models the flow through pipes, the steady
and dynamic conditions. In both cases, are presented applications developed and implemented by
the author in a visual programming environment for simulationof petroleum products flow.
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Chapter 4 highlights the contributions of the author on the development of a system for
monitoring the process of transporting petroleum products by pipeline, with the proposal of a
distributed system with a partial structure, using as distributed control units systems with
microcontroller. In subsections 4.3 and 4.4 is presented SDMAPT data acquisition system
designed and implemented by the author. This system monitors the transport of a hypothetical
process that includes measuring temperature, pressure and flow at several points, the data
transmission to a central system. SDMAPT system includes a central control unit (a
microcontroller Microchip PIC32MX) which receives data from two mobile units subordinated
through a wireless communication accomplished using XBee RF modules. The mobile units have
three sensors - pressure, flow and temperature.

Since a characteristic of process pipeline is distributed to large area, in Section 4.5 was
proposed a distributed system for automatic monitoring of the transport process (SDMAPT v.1)
consisting of several units distributed control SDMAPT type. For this monitoring system is
implemented an application (called AMAPT-DLS) that centralizes and monitors real-time data
from distributed units. The application also includes a module enabling SDMAPT v.1 system to
function as an LDS (Leak Detection System). For leak detection in pipeline is proposed a method
based onreal-time transient modeling (RTTM - Real Time Transient Modeling) - using the
mathematical model of flow through pipes presented in Chapter 3. To locate the leak and for the
leak diameter estimation are used methodsbased on the analysis of pressureandvolumebalance
respectively.

Chapter 5 highlights the general conclusions, a summary of the thesis contributions
andpossible directions for further research in this area.
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