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REZUMAT

In ultimii ani industria petro-gazeifera a inceput sa se confrunte cu provocari i
schimbari complexe determinate atat de fluctuatia pretului petrolului sau a cererii de
gaze cat si de cresterea costurilor de explorare si exploatare. Ca urmare a acestei
stari de fapt, a inceput sa existe un interes sporit pentru valorificarea zacamintelor
mature si maximizarea potentialului detinut de aceste acumulatoare de energie. In
acest sens, conceptul de reabilitare s-a dovedit a fi unul eficient ca si optiune favorabila
de continuare a exploatarii zacamintelor de gaze naturale privit prin prisma declinului
de productie si a factorului de recuperare, indicatori cheie in evaluarea performantelor
productive ale zacamintelor.

Dificultatile tehnologice intélnite in exploatarea zacamintelor de gaze naturale
aflate la stadiul de maturitate sunt diferite, complexe si reclama tratarea in mod
diferentiat a celor trei componente fundamentale: zacamant, sonde, infrastructura de
suprafata. Interventia intr-una dintre ele sau interventia concomitenta in cele trei
componente este dictata de o ratiune bazata pe tandemul tehnico-economic.

In acest context, teza de doctorat abordeazad tematici cu privire la actualele
probleme tehnologice intalnite ih exploatarea sondelor de gaze naturale amplasate pe
zacamintele de gaze naturale comerciale din bazinul Transilvaniei, depresiunea
Getica si platforma Moesica, unitati geologice de interes major in ceea ce priveste
acumularile de gaze naturale din Romania.

Lucrarea este structurata pe 6 capitole si reprezinta o intruziune din punct de
vedere teoretic si practic a problematicilor legate de blocajele create de formarea si
depunerea crustelor de carbonati de calciu si sare, de viiturile de nisip, de formarea
criohidratilor in sistemul de productie si de productivitatea scazuta a sondelor de gaze
naturale care exploateaza formatiunile de tip “tight”, avand ca finalitate, propunerea
unor solutii tehnologice concrete de reabilitare.

Tematicile selectate pentru cercetare isi au esenta in constatarile, observatiile sau
fenomenele intalnite de autoare in procesul exploatare a sondelor de gaze naturale in
cele trei unitati geologice, ca urmare a implicarii directe in elaborarea planurilor de
dezvoltare a zacamintelor comerciale.

Tendintele actuale de exploatare a zacamintelor mature de gaze naturale sunt
prezentate in capitolul 1, in contextul aplicarii conceptului de reabilitare. Prima parte
contine consideratii despre zacamintele mature si aspecte legate de necesitatea
implementarii managementului de proiect in procesul de continuare a exploatarii
zacamintelor. Se relateaza cateva chestiuni despre conceptul de reabilitare,
instrumentele specifice managementului de proiect, iar mai apoi se prezinta schematic
principalele dificultati tehnologice intélnite in cele trei componente: zdcamant, sonde,

Doctorand ing.Diana-Andreea LUPU



Universitatea Petrol-Gaze din Ploiesti

infrastructura de suprafata. Plecand de la premisa ca problemele tehnologice pot fi
legate de caracteristicile geologo-fizice ale structurii, de reactiile fizico-chimice ale
sistemului roca-fluid, de mecanismul de dezlocuire, de sistemul de echipare si de
regimul de exploatare, s-a realizat o scurta expunere a dificultatilor specifice intalnite
n exploatarea structurilor gazeifere din bazinul Transilvaniei, depresiunea Getica si
platforma Moesica. in contextul deruldrii proiectelor de reabilitare pe principalele
zacaminte de gaze naturale din bazinul Transilvaniei s-au prezentat indicatorii de
performanta obtinuti precum si perspectivele favorabile ale zacamintelor de gaze
naturale din spatiul extracarpatic.

Tn capitolul 2 sunt abordate chestiuni legate de problematica formarii crustelor de
carbonati de calciu si a crustelor de sare la sondele de gaze naturale din bazinul
Transilvaniei. Studiul a inclus o analiza din perspectiva intelegerii factorilor care
determina formarea crustelor, s-a definit un model de determinare a conditiilor de
formare a crustelor, iar mai apoi s-a prezentat programul de cercetare derulat pe un
zacamant de gaze naturale din centrul bazinului Transilvaniei, program realizat in trei
faze, care a avut ca scop identificarea unei solutii optime de eliminare a depunerilor
de cruste pentru cresterea productivitatii sondelor. S-au prezentat rezultatele
experimentelor fizico-chimice de laborator efectuate pe 8 probe prelevate din 6 sonde
in vederea determinarii concentratiei optime a solutilor acide utilizate pentru
solubilizarea depunerilor solide. In continuare s-au prezentat rezultatele tehnico-
economice ale testului de santier. Au fost realizate interventii in 10 sonde de gaze
naturale in care s-au utilizat trei tehnici de spalare acida a crustelor de carbonati de
calciu, cruste depuse in dreptul perforaturilor si pe peretii tevilor de extractie.

Capitolul 3 al tezei de doctorat se refera la reabilitarea sondelor, in conditiile
viiturilor de nisip, o problema de actualitate pe zacamintele de gaze din depresiunea
Getica. S-au relatat cateva aspecte teoretice legate de principalele cauze ale viiturilor
de nisip, dificultatile generate de viiturile de nisip precum si metodele de control al
nisipului aplicate in industria extractiva a hidrocarburilor, aceste studii teoretice fiind
sustinute prin exemple si cazuistici rezultate din analize de productivitate si observatii
de santier. Astfel prin intermediul studiilor teoretice gi practice, s-a elaborat o schema
cu etapele de lucru care ar trebui parcurse in vederea alegerii tehnologiei optime de
echipare a sondelor din perspectiva controlului nisipului. S-au realizat o serie de
recomandari legate de echiparea sondelor de extractie aferente unei structuri
gazeifere in functie de rezultatele analizelor granulometrice realizate pe probele solide
prelevate de la diferite obiective de exploatare. Finalul capitolului contine un studiu de
caz privind cercetarile efectuate pentru implementarea tehnologiei de echipare frac-
pack in trei sonde de gaze naturale care urmeaza sa intre in exploatare la obiectivul
Meotian, complexul productiv IV, analiza fiind fundamentata atat din punct de vedere
tehnic cat si economic.

Problematica determinarii conditiilor de formare a criohidratilor si gasirea unor
solutii optime de exploatare a unor sonde din platforma Moesica cu astfel de dificultati



Universitatea Petrol-Gaze din Ploiesti

este relevata in capitolul 4. Dupa prezentarea catorva notiuni teoretice referitoare la
conditiile propice formarii criohidratilor, sunt evidentiate metodele aplicabile pentru
prevenirea si eliminarea disfunctionalitatilor create de hidrati. Au fost efectuate doua
studii de caz care au constat in determinarea conditiilor de formare a criohidratilor in
doua sonde din Platforma Moesica folosind un program de modelare termodinamica
si modelul compozitional. In urma simul&rii si modelarii curgerii fluidelor din zacamant
la suprafata au rezultat scenarii diferite privind continuarea exploatarii sondelor fara
aparitia criohidratilor in sistemul de productie. Solutiile tehnologice propuse pentru
remedierea disfunctionalitatilor produse de criohidrati in sondele analizate se refera
atat la modificarea regimului de exploatare céat si la adaugarea unei cantitati de
metanol in fluxul de gaze naturale.

Capitolul 5 se refera la imbunatatirea productivitatii sondelor de gaze naturale prin
stimularea formatiunilor de tip "tight” din bazinul Transilvaniei. Deoarece in procesul
de reabilitare se urmareste maximizarea productivitatii sondelor si implicit cresterea
factorilor de recuperare s-a justificat evaluarea perspectivelor de continuare a
exploatarii zacamintelor de gaze neconventionale din Badenian. In acest sens, in
prima parte s-au prezentat procedeele aplicabile de stimulare a formatiunilor de tip
tight si considerentele geologo-tehnologice cu privire la selectarea sondelor candidate
la operatiile de stimulare hidraulica, iar mai apoi s-a realizat o sinteza a rezultatelor
obtinute in cadrul campaniei experimentale de stimulare hidraulica realizata in bazinul
Transilvaniei intre anii 1994-1995. Primul studiu de caz prezentat este elocvent pentru
fisurarea hidraulica a unei sonde de gaze naturale unde s-a utilizat un fluid pe baza
de spuma de CO:2, fiind totodata si o tehnologie aplicatd in premiera in bazinul
Transilvaniei. Dupa o scurta descriere a zacamantului, a echiparii sondei, se prezinta
intr-un mod integrat procesul de modelare si simulare a fisurarii hidraulice, programul
de proiectare si executie al operatiei precum si rezultatele obtinute, evaluate la scurt
timp dupa finalizarea operatiei. Prin al doilea studiu de caz s—a identificat o sonda
candidata la operatia de fisurare hidraulica, s-a realizat o analiza tehnico—economica
care sa sustina continuarea exploatarii ei prin aplicarea tehnologiei de fisurare si s-a
schitat un program de cercetare pentru pregatirea operatiei.

In ultimul capitol sunt sintetizate concluziile si contributiile personale prezentate
pe parcursul intregii lucrari.

*

* *

Doresc s& aduc sincere multumiri conducéatorului stiintific, domnului
prof.univ.dr.ing. Lazér Avram, Decanul Facultatii de Ingineria Petrolului si Gazelor,
pentru profesionalismul cu care m-a coordonat in elaborarea tezei de doctorat i
pentru sprijinul, motivarea si increderea acordata.

De asemenea, doresc sa adresez multumiri membrilor comisiei de indrumare
pentru recomandarile oferite in procesul de cercetare si de realizare a tezei de
doctorat.
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SUMMARY

In recent years, the oil and gas industry has begun to face new challenges and
changes due to fluctuations in oil prices or gas demand and rising exploration and
exploitation costs. As a consequence, there has been a growing interest in capitalizing
the mature fields and maximizing their energy potential. In this sense, the concept of
rehabilitation proved to be an effective one as a favorable option to continue the
exploitation of natural gas fields in terms of production decline and recovery factor,
key indicators in assessing the productive performance of the fields.

The difficulties and technological problems encountered in the exploitation of
mature gas fields are different, complex and require differentiated treatment of the
three components: reservoir, wells, surface facilities. Intervention in one or another, or
concomitant intervention in the three components is dictated by a reason based on the
technical-economic tandem.

In this context, the doctoral thesis addresses issues related to current
technological problems encountered in the exploitation of natural gas wells located on
commercial natural gas fields in the Transylvanian basin, the Getic depression and the
Moesic platform, geological units of major interest in the accumulation of natural gas
from Romania.

The paper is structured in 6 chapters and represents an intrusion from a theoretical
and practical point of view of the problems related to the blockages created by scales
of calcium carbonate and halite, sand production, the hydrates blockages in the
production system and low productivity of natural gas wells that produce from tight
formations, with the final purpose of finding and purposing technological and
rehabilitation.

The topics selected for research have their essence in the findings, observations
or phenomena encountered by the author in the process of exploitation of natural gas
wells in the three geological units, being directly involved in the field development
plans.

The current trends in the exploitation of mature natural gas fields are presented in
Chapter 1, in terms of the concept of rehabilitation. The first part contains
considerations about mature fields and aspects related to the need to implement
project management in the exploitation of reservoirs. Are presented some aspects
related to the concept of rehabilitation, the specific tools of project management, and
then, the main technological difficulties encountered in the three components of the
production system are presented schematically: reservoir, wells, surface facilities.
Based on the premise that technological problems can be related to the geological-
physical characteristics of the fields, the physico-chemical reactions of the rock-fluid
system, the drive mechanism, the completion system and the operating conditions, a
brief description is made with the specific difficulties encountered in the exploitation of
the gas structures located in the Transylvanian basin, the Getic depression and the
Moesic platform. In the context of the rehabilitation projects ongoing on the major gas
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fields from the Transylvanian basin, were presented the key performance production
indicators, as well as the favorable perspectives existing on the gas fields located in
the extra-Carpathian area.

Chapter 2 addresses issues related to the formation of calcium carbonate scale
and halite scale in the gas wells from the Transylvanian basin. The study included an
analysis from the perspective of understanding the factors that determine the
formation of scales, was defined a model for determining the conditions of scale
formation, and then it was presented the research program performed on a natural
gas field from central part of Transylvania. The program was conducted in three
phases which aimed to identify an effective solution for removing scales to increase
the productivity of the gas wells. Were presented the results of the laboratory
experiments performed on 8 samples taken from 6 wells in order to determine the
concentration of acid solutions used for the solubilization of solids. Then, the technical-
economic results of the well site test were presented. Interventions were performed in
10 gas wells in which three acid washing techniques were applied in order to remove
the calcite scale that plugged the perforations and the tubing walls.

Chapter 3 of the doctoral thesis refers to the rehabilitation of wells, in the
conditions of sand production, a current issue of gas wells from the Getic depression.
Some theoretical aspects related to the main causes of sand production were
highlighted, including the difficulties generated by sand production as well as the sand
control methods applied in the industry, and these theoretical studies being supported
by examples or case studies resulting from productivity analyzes and well-site
observations. In the light of theoretical and practical studies, a scheme has been
developed with the work steps that should be followed in order to choose the optimal
technology to complete the wells for sand control. A series of recommendations with
sand control techniques were made for the field under reserach based on the results
of the particle size analysis performed on the solid samples taken from different
geological formations. The end of the chapter contains a case study on the research
carried out for the implementation of the frac-pack technology in 3 gas wells to be put
into operation at the Meotian geological formation, productive layer 1V, the analysis
being evaluated from technically and economically point of view.

The issue of determining the conditions for hydrates formation and finding practical
solutions for the operation of wells in the Moesic platform with such difficulties is
revealed in Chapter 4. After presenting some theoretical aspects regarding the
conditions for hydrate formation, are highlighted the methods used to prevent and
reduce the dysfunctions created by hydrates. Two case studies were performed which
consisted in determining the formation conditions of hydrates in two wells from the
Moesic platform using a thermodynamic modeling program and compositional model.
The simulation and modeling of the fluids flow from reservoir to surface resulted in
different scenarios regarding the future operation of the wells, without the appearance
of hydrates in the production system. The technological solutions proposed to
eliminate the problems created by hydrates in the analyzed wells refer both to the
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modification of the exploitation regime and to the addition of a quantity of methanol in
the natural gas flow.

Chapter 5 refers to improving the productivity of natural gas wells by stimulating
tight formations in the Transylvanian basin. As the rehabilitation process aims to
maximize the productivity of the wells and to increase of the recovery factors, it was
justified to evaluate the perspectives for the further exploitation of the unconventional
gas fields located in Badenian geological formation. In this sense, the first part
presented the applicable procedures for stimulating tight formations and the
geological-technological considerations regarding the selection of candidate wells for
hydraulic stimulation operations, and then a synthesis of the results obtained within
the experimental campaign of hydraulic stimulation carried out in the Transylvanian
basin between 1994-1995. The first case study presented is eloquent for the hydraulic
fracturing of a well where a CO2 foam-based fluid was used. After a brief description
of the field, of the well completion, in an integrated way it is presented the modeling
and simulation process of the hydraulic fracturing, the design and execution program
of the operation, as well as the obtained results evaluated shortly after the operation
was completed. Through the second case study has been identified a candidate well
for the hydraulic fracturing, followed by a technical-economic analysis to support the
continuation of its operation by applying fracturing technology and outlined a research
program for the preparation of the operation.

The last chapter summarizes the conclusions and personal contributions through
by doctoral thesis.
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