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REZUMAT

Teza de doctorat cu titlul “Cercetiri privind cresterea duratei de viati a

statiilor de tratare §i injectie apd” are ca obiectiv principal imbunatatirea duratei de
viatd a skidurilor utilizate pentru tratarea si injectie a apelor uzate. Obiectivul
principal al tezei de doctorat a fost atins prin atingerea a trei obiective secundare:

propuse:

Autor:

Evaluarea coroziunii a celor mai afectate elemente componente ale
skidurilor (coturile din traseele conductelor de intrare/iesire);

Realizarea unui stand experimental pentru studiul coroziunii pe un traseu
continuu de coturi si tevi;

Evaluarea numericd prin simularea CFD utilizdnd ANSYS si COMSOL
Multiphysics.

In acest scop, in cadrul tezei de doctorat, pentru atingerea obiectivelor

S-a o0 analiza ampla asupra fenomenelor intalnite in domeniul colectarii
titeiului si apei de zacamant (subcap. 1.4, 1.5);

S-a realizat un studiu privind procedeele, si sistemele de tratare a apei de
injectie cu descrierea unui sistem modern de tip SPINSEP (subcap. 2.4,
2.5, 2.6);

S-a analizat modul de limitarea a coroziunii elementelor componente ale
sistemelor de tratare a apelor de injectie utilizand inhibitori (subcap. 3.3);
S-a realizat un program experimental pentru determinarea cantitativa a
inhibatorilor de coroziune utilizati intr-o statie de tratare a apelor de
injectie (subcap. 4.4);

S-a realizat o analizd metalografica a 3 tipuri de coturi, punandu-se in
evidentd modificarile structurale si de grosime de la intrados si extrados
(subcap. 5.2, 5.3);

S-a realizat o analizd numerica pentru a scoate in evidenta faptul ca cele
mai solicitate, din punct de vedere coroziv, elemente ale traseelor de
intrare/iesire din skiduri sunt coturile (Subcap. 6.2);

S-a realizat un stand experimental pentru analiza influentei atat a
coroziunii fluidului vehiculat in skiduri cat si a unghiului coturilor - 30,
45, 60, 90 (subcap. 7.1, 7.2);

S-arealizat o analiza de tip CDD pentru evaluarea turbulentelor produs in
coturile utilizate la realizarea standului experimental (subcap. 7.3);

S-a realiza o analizd de tip GuidedWave pentru a scoate in evidenta
coroziunea generalizata produsa prin vehicularea timp de 6 luni a unei ape
uzate prin traseul standului experimental (subcap. 8.5).

ing. Cristian DUDU 12



Cercetari privind cresterea duratei de viata a statiilor de tratare §i injectie apa

Capitolul 1 al tezei de doctorat intitulat Colectarea titeiului si apei de
zdcamdnt in schelele de petrol prezinta aspecte generale privind conditiile de
colectare a fluidelor vehiculate in instalatiile petroliere, cu accent pe caracteristicile
apei de zacamant. Au fost centralizate informatiile bibliografice privind modalitatile
de eliminarea a apei si gazelor din titetului prin sisteme de colectare si transfer.

Sisteme de tratare a apei, denumire ce face obiectul capitolului 2, sunt
centralizate si exemplificate in functie de principiile pe care le utilizeaza. Capitolul
2 centralizeaza modalitdtile de separare si curdtire a apei de injectie si prezinta
principiile utilizate in cadrul acestui proces. Procedeele de tratare a apei de injectie
sunt centralizare si explicate in cadrul acestui capitol: instalatic de epurare a apei
sarate prin decantare si filtre in sistem semideschis; instalatie de epurare a apei in
sistem inchis prin tratare chimica decantare-filtrare inhibitare; instalatie de tratare a
apei extrase din sondele de reactie in procesele de injectie de abur sau combustie
subterana prin decantare, coagulare, limpezire si filtrare. Sistemul de tratare a apei
de injectie de tip SPINSEP luat in considerare in cadrul tezei de doctorat cuprinde
un pachet de conditionare chimica, o unitate de flotatie cu gaz dizolvat SPINSEP si
un filtru cu coji de nucda MONOSEP.

Capitolul 3, cu titlul Controlul coroziunii prin utilizarea inhibitorilor.
Selectie, aplicare si evaluare, a fost realiza un amplu studiu privind fenomenul de
coroziune, incepand cu analiza diferitelor medii corozive, continuand cu studiul
tipurilor de coroziune si metodele de control al fenomenului de coroziune. A fost
realizat o analiza bibliografica a inhibitorilor de coroziune utilizati pentru scaderea
si/sau prevenirea reactiei dintre metal si mediul coroziv. Capitolul contine o analiza
a efectului parametrilor constructivi si de lucru a diferitelor echipamente asupra
durabilitatii acestora.

Capitolul 4 denumit fncerciri la coroziune executate in statia de tratare ape
de injectie Oprisenesti si in laborator realizeaza o centralizare a unor incercari de
coroziune efectuate in statia de tratare a apei uzate de la Oprisenesti. Au fost
centralizate si analizate incercarile realizate in 2 perioade diferentiate in functie de
inhibitorul utilizat: in perioada noiembrie 2015 — martie 2016 au fost determinate
vitezele de coroziune, conform cu standardul NACE SP0775-2013, pe epruvete de
coroziune instalate in punctele critice ale echipamentelor din componenta
instalatiilor. In aceastd perioada s-a utilizat pentru micsorarea coroziunii, inhibitorul
KI 350; in perioada ianuariec 2017 — august 2018, s- a continuat monitorizarea
coroziunii conductelor, conform cu standardul NACE SP0775-2013, atat in parcul
de tratare a apei de injectie, cat si la parcurile de colectare si separare a amestecului
apa-titei, in aceastd perioada s-a utilizat inhibitorul de coroziune CRW 85579. In
cadrul tezei de doctorat au fost realizate teste de laborator utilizdnd apa uzata cu
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inhibitor de tip CRW 85579 pentru a determina influenta asupra vitezei de
coroziune. Comportarea materialelor in medii agresive a fost evaluata prin tehnici
electrochimice: masuratori ale punctelor de coordinate Evans (care ofera cele mai
rapide informatii privind viteza de coroziune).

In capitolul 5, intitulat Caracterizarea metalografici a materialelor utilizate
la constructia tevilor §i coturilor din instalatia de tratare a apei de injectie, a fost
realizata o analizd metalograficd realizata pe 3 tipodimensiuni caracteristice de
coturi (DN50 — 2 inch; DN80 — 3 inch si DN100 — 4 inch), realizate din otelul
P275NL. Au fost scoase in evidenta structura cu graunti cristalini poliedrici de ferita
si perlitd, iar capitolul 5 se incheie cu o analiza comparativa a duritatii la intrados si
extradosul coturilor.

Analize numerice privind echipamentului de tip SPINSEP, analize care fac
obiectul capitolului 6, au fost realizate prin utilizarea softului ANSYS pentru a
scoate 1n evidenta zonele cele mai afectate din cadrul sistemelor de conducte utilizate
in cadrul sistemului SPINSEP pentru intrare/iesire fluide.

Capitolul 7 cu titlul Realizarea unui stand experimental pentru studiul
influentei coroziunii asupra liniilor de conexiune ale SPINSEPULUI a avut ca
scop studiul experimental al fenomenului de coroziune asupra unor elemente
componente de tip tevi si coturi. Standul experimental realizat in cadrul tezei de
doctorat este realizat din 5 tronsoane de teava si 6 coturi, putandu-se astfel analiza
influenta apei de injectie din punct de vedere al coroziunea, fluidul fiind vehiculat
continuu prin instalatie timp de 6 luni. Influenta unghiul coturilor a fost analizata
prin intermediul unei analize numerice de tip CFD luandu-se in considerare traseul
standului experimental.

In capitolul 8 s-a realizat Verificarea experimentali a stirii tehnice a liniilor
de interconectare ale standului experimental prin implementare unei metode
moderne de verificare a starii tehnice a unui element de tip teava si/sau cot utilizand
metoda GuideWave. Principiul de functionare al tehnologiei Guided Wave se
bazeaza pe utilizarea ultrasunetelor, care reprezinta niste unde ghidate propagate de-
a lungul structurii asupra careia se efectueazad inspectia, acestea fiind limitate si
ghidate de formele geometrice ale structurii respective.

Capitolul 9 prezinta concluziile generale desprinse din analiza rezultatelor
realizate in cadrul tezei de doctorat pentru Cresterea duratei de viata a statiilor de
tratare §i injectie apa, contributiile personale la acest studiu si directiile viitoare de
cercetare.
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ABSTRACT

The doctoral thesis with the title ""Research on increasing the lifetime of

water treatment and injection plants' has as its main objective the improvement
of the lifetime of the skids used for the treatment and injection of wastewater. The
main objective of the doctoral thesis was achieved by achieving three secondary
objectives:

Corrosion assessment of the most affected component elements of the skids
(elbows in the inlet/outlet pipe routes);

Realization of an experimental stand for the study of corrosion on a
continuous route of elbows and pipes;

Numerical evaluation through CFD simulation using ANSYS and COMSOL
Multiphysics.

For this purpose, in the doctoral thesis, to achieve the proposed objectives:

An extensive analysis of the phenomena encountered in the field of crude oil
and reservoir water collection (subchapter 1.4, 1.5);

A study was carried out regarding the procedures and systems for treating
injection water with the description of a modern SPINSEP type system
(subchapter 2.4, 2.5, 2.6);

The way to limit the corrosion of the component elements of the injection
water treatment systems using inhibitors was analysed (subchapter 3.3);

An experimental program was carried out for the quantitative determination
of corrosion inhibitors used in an injection water treatment station
(subchapter 4.4);

A metallographic analysis of 3 types of bends was carried out, emphasizing
the structural and thickness changes from intrados and extrados (subchapter
5.2,5.3);

A numerical analysis was carried out to highlight the fact that, from a
corrosive point of view, the most requested elements of the skid entry/exit
paths are the bends (subchapter 6.2);

An experimental stand was created to analyse the influence of both the
corrosion of the fluid transported in the skids and the angle of the bends - 30,
45, 60, 90 (subchapter 7.1, 7.2);

A CDD-type analysis was carried out for the evaluation of the turbulence
produced in the bends used in the construction of the experimental stand
(subchapter 7.3);
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- A Guided Wave type analysis was carried out to highlight the generalized
corrosion produced by the circulation for 6 months of a wastewater through
the route of the experimental stand (subchapter 8.5).

Chapter 1 of the doctoral thesis entitled Collection of crude oil and reservoir
water in oil rigs presents general aspects regarding the conditions of recovery of
fluids circulated in oil installations, with an emphasis on the characteristics of
reservoir water. Bibliographical information on ways to remove water and gases
from crude oil through collection and transfer systems has been centralized.

Water treatment systems, the name that is the subject of chapter 2, are
centralized and exemplified according to the principles they use. Chapter 2 focuses
on ways to separate and clean injection water and presents the principles used in this
process. The injection water treatment processes are centralized and explained in
this chapter: saltwater treatment plant by decantation and filters in a semi-open
system; water treatment plant in a closed system by chemical treatment decantation-
inhibition filtration; installation for treating the water extracted from the reaction
wells in the processes of steam injection or underground combustion by decantation,
coagulation, clarification and filtration. The SPINSEP water injection treatment
system considered in the PhD thesis comprises a chemical conditioning package, a
SPINSEP dissolved gas flotation unit and a MONOSEP walnut shell filter.

In chapter 3, entitled Corrosion control by using inhibitors. Selection,
application and evaluation, an extensive study on the phenomenon of corrosion was
carried out, starting with the analysis of different corrosive environments, continuing
with the study of types of corrosion and methods of controlling the phenomenon of
corrosion. A bibliographic review of corrosion inhibitors used to decrease and/or
prevent the reaction between the metal and the corrosive environment was
performed. The chapter contains an analysis of the effect of construction and
working parameters of different equipment on their durability.

Chapter 4 called Corrosion tests performed in the Oprisenesti injection
water treatment plant and in the laboratory makes a centralization of some
corrosion tests performed in the Oprisenesti wastewater treatment plant. The tests
carried out in 2 periods, differentiated according to the inhibitor used, were
centralized and analysed: in the period from November 2015 to March 2016, the
corrosion rates were determined, according to the NACE SP0775-2013 standard, on
corrosion samples installed in the critical points of the equipment in the composition
of the installations. During this period, the KI 350 inhibitor was used to reduce
corrosion; in the period January 2017 - August 2018, the monitoring of pipe
corrosion continued, in accordance with the NACE SP0775-2013 standard, both in
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the injection water treatment park and in the collection and separation parks of the
water-crude mixture, in this period the corrosion inhibitor CRW 85579 was used. As
part of the doctoral thesis, laboratory tests were carried out using wastewater with
CRW 85579 type inhibitor to determine the influence on the corrosion rate. The
behaviour of the materials in aggressive environments was evaluated by
electrochemical techniques: measurements of Evans coordinate points (which
provide the fastest information on the corrosion rate).

In chapter 5, entitled Metallographic characterization of the materials used
in the construction of pipes and bends in the water injection treatment plant, a
metallographic analysis was carried out on 3 characteristic types of bends (DN50 —
2 inches; DN80 — 3 inches and DN100 — 4 inch), made of P275NL steel. The
structure with polyhedral crystalline grains of ferrite and pearlite were highlighted,
and chapter 5 concludes with a comparative analysis of the hardness at the inside
and outside of the bends.

Numerical analysis of the SPINSEP equipment, which are the subject of
Chapter 6, were performed using ANSY'S software to highlight the most affected
areas within the piping systems used in the SPINSEP fluid inlet/outlet system.

Chapter 7 with the title Construction of an experimental stand for the study
of the influence of corrosion on the connection lines of the SPINSEPULI had as
its purpose the experimental study of the phenomenon of corrosion on some
component elements such as pipes and elbows. The experimental stand made as part
of the PhD thesis is made of 5 pipe sections and 6 elbows, thus being able to analyse
the influence of the injection water from the point of view of corrosion, the fluid
being circulated continuously through the installation for 6 months. The influence
of the bend angle was analysed by means of a numerical CFD analysis taking into
account the route of the experimental stand.

In chapter 8, The experimental verification of the technical state of the
interconnection lines of the experimental stand was carried out by implementing a
modern method of verifying the technical state of a pipe and/or elbow type element
using the Guided Wave method. The working principle of Guided Wave technology
is based on the use of ultrasound, which represents some guided waves propagated
along the structure on which the inspection is carried out, these being limited and
guided by the geometric shapes of the respective structure.

Chapter 9 presents the general conclusions derived from the analysis of the
results of the doctoral thesis on Increasing the lifetime of water treatment and
injection stations, personal contributions to this study and future research directions.
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