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INTRODUCERE

Inmagazinarea subterani a gazelor naturale reprezinti o tehnologie eficienti ce se
utilizeaza inca din anul 1915. Aceasta este folositd pentru reglarea livrarii de gaze naturale dat
fiind cererea fluctuanta de gaze.

Primul depozit subteran de gaze naturale din lume s-a realizat in anul 1915 si a fost
experimentat cu succes intr-un ziacamant depletat in Walland County — Ontario Canada unde,
dupa reconditionarea sondelor s-au depozitat gaze naturale vara si s-au extras iarna urmétoare.

Prima inmagazinare subterana de gaze naturale modernd din Romania efectuata intr-un
zacamant depletat s-a realizat in anul 1979 la Urziceni, aceasta avind rolul de preluare si
asigurare permanenta cu gaze naturale pe perioada rece a capitalei.

In tara noastrd, consumul de gaze are caracter sezonier astfel ci, existd o perioadd rece
(noiembrie — aprilie) cand consumul de gaze este foarte ridicat si o perioadad caldd (mai —
octombrie) cand consumul de gaze este redus si productia de gaze creste ca urmare a cererii

scazute.

REZUMAT

Obiectivul tezei de doctorat “Contributii la studiul conditiilor geologice si al factorilor de
hazard natural ale inmagazinarilor subterane de gaze” este reprezentat de realizarea unui model
de zacamant din punct de vedere al inmagazinarilor subterane de gze naturale cat si analizarea
factorilor de hazard natural ce pot intervine la operarea unui depozit subteran de gaze.

Lucrarea este structuratd pe patru capitole, urmata de concluzii si contributii personale,
precum si un volum separat ce cuprinde 23 de anexe grafice.

Capitolul I este dedicat studiului proprietatilor fizice si termice ale gazelor naturale.

in capitolul al IT — lea sunt analizate terminologiile atit pe plan international cét si din
acte normative romanesti privind Inmagazinarile subterane de gaze naturale. De asemenea sunt
studiate conditiile necesare realizarii unui depozit subteran de inmagazinare al gazelor naturale
cat si principalele tipuri de zdcaminte ce pot fi convertite in depozite subterane. Tot In capitolul
al II — lea sunt detaliate avantajele si dezavantajele ale acestor zdcaminte.

Capitolul al III — lea este destinat analizirii principalilor factori privind hazardurile
naturale atat in conditii de suprafata cat si in conditii de zdcamant.

Capitolul al IV — lea este reprezentat de studiul de caz — Structura ZD, structura care este
analizata atat din punct de vedere geologic, fizic cit si din punct de vedere al factorilor de hazard

natural. Principalele contributii personale se pot sintetiza astfel:



- Analizarea conditiilor necesare realizarii depozitelor subterane de gaze naturale si
alegerea optimd a zicamintelor utilizate ca depozite subterane de gaze. in lucrare autorul
precizeaza faptul cd, un punct esential in proiectarea unui deposit subteran de inmagazinare il
reprezintd identificarea oricarei situatii de pierderi (prin scurgeri) provocate de neetanseitatea
sondelor reprezentate prin (complexe/pachete geologice, coloane, cimentari slabe) ducand la
migrarea gazelor. Acesta este si motivul pentru care multe zacaminte depletate convertite in
depozite subterane de iInmagazinarea a gazelor naturale sunt abandonate.

De asemenea autorul analizeazd avantajele si dezavantajele atdt din punct de vedere
geologic cat si din punct de vedere fizic ale principalelor tipuri de zacaminte utilizate ca depozite
de Inmagazinare subterand a gazelor naturale si aduce o serie de contributii si recomandari
importante asupra procesului.

Autorul recomandd ca in cazul alegerii domurilor saline pentru depozitarea gazelor
naturale, adancimea domului sa nu fie foarte mare (peste 1500 m), intrucat sarea fiind plastica
are tendinta sd migreze prin curgere/fluaj situatie ce implica aparitia a doua cazuri:

- fie se poate produce obturarea zacamantului, situatie in care nu-si mai pastreaza
forma initiala;

- fie se pot crea cai de migratie, caz in care zicaméantul nu mai corespunde
scopului pentru care a fost proiectat.

- Analiza privind evidentierea factorilor de hazard natural atat la suprafatd cat si in
adancime ale structurilor utilizate la procesele de inmagazinare subterand a gazelor naturale.
Acesti factori de hazard natural au fost identificati si analizati si pe studiul de caz cercetat.

- Analizarea unui studiu de caz (denumit generic Structura ZD) pe care se poate proiecta
un depozit de inmagazinare subterand a gazelor naturale. Aceasta este analizata atat din punct de
vedere al modelului geologic (intocmirea hartilor structurale, sectiuni geologice, paralelizarea
diagrafiilor geofizice de sonda, reprezentarea izobaticd a perforaturilor), din punct de vedere al
modelului fizic (studiind comportarea in exploatare a depozitului, tipurile si performantele
acestuia la inmagazinare) cat si din punct de vedere al geohazardurilor ce o influenteaza;

- Un punct esential abordat in prezenta lucrare este cel legat de neetanseitatea coloanelor
sondelor (cimentari). Autorul propune doua conditii de baza privind executia sau refacerea unei
cimentari dintr-o sonda, respectiv:

- atunci cand se executd o cimentare de etansare a sondelor trebuie obligatoriu
facutd la sfarsitul ciclului de injectie, pentru ca daca aceasta se face la sfarsitul
ciclului de extractie aceasta etanseitate se pierde conducand la fisurarea
formatiunilor;

- in cazul refacerii cimentarilor coloanelor sondelor se folosesc paste de ciment cu



greutdti volumice mici si vascozitati mari. Pentru aceasta se poate marii raportul
apd — ciment dar intervin inconveninete: durata mare de prizare, separari de apa
si filtrari foarte mari iar rezistentele mecanice ale pietrei de ciment se reduc;

- In prezenta lucrare se propune realizarea a doud harti de injectie respectiv extractie, cu
ajutorul carora se delimiteaza in functie de debit contributia fiecarei sonde adusa la procesul de
inmagazinare;

- Autorul propune un algoritm de calcul pentru determinarea istoricului de productie al
depozitelor subterane de gaze naturale;

- In ceea ce priveste volumul insuficient de pori utilizati la inmagazinare, autorul propune
un algoritm privind calculul volumului de pori pentru fiecare complex utilizat la Tnmagazinare.

- Se propune ca fiecare complex utilizat la inmagazinarea gazelor naturale sa fie supus
unei analize privind variatia consistentei compactirii. In urma acestei analize se poate preciza
influenta proprietatilor fizice cat si gradul de avansare al apei.

- Autorul calculeaza si reprezintd grafic gradientii de presiune si fisurare pentru depozitul
subteran de inmagazinare a gazelor naturale de pe Structura ZD. Pe baza rezultatelor s-au
identificat valorile limitd pana la care gazele se pot inmagazina in formatiunile geologice si pana
la care acestea din urméa “rezista” (nu se fisureazd). Avand in vedere aspectul potrivit caruia
presiunea maxima reprezintd o conditie esentiala In procesul de injectie al gazelor naturale,
autorul identifica doua situatii:

- prima situatie se referd la faptul ca se poate injecta functie de presiunea de
injectie (pin;,) rocile prezentand un gradient de fisurare (I fis fina = 1,6 bar/10m);

- cea de-a doua situatie se referd la faptul cd se poate injecta functie de presiunea
de injectie (pinj,) rezultdnd un gradient de fisurare final prin calcul,

- Dat fiind faptul ca studiul de caz cercetat (Structura ZD) prezintd neetanseitdti ale
complexului Sarmatian III, autorul recomanda faptul cd nu mai este indicatd continuarea
inmagazinarii pe acest complex;

- Autorul propune o analizd riguroasa asupra perforaturilor sondelor. Reprezentarea
grafica a perforaturilor privind studiului de caz Structura ZD este prezentata in (anexa nr.15).

- In ceea ce priveste factorii de hazard natural asupra studiului de caz, autorul a analizat
atat litologia de suprafatd (executdnd doud foraje geotehnice de mica adancime) cat si influenta
acestor factori asupra procesului de Tnmagazinare la adancime (cimentari neeficiente, migrari de
gaze prin spatele coloanelor, contaminarea formatiunilor, inundabilitatea formatiunilor).

- Autorul analizeaza si posibilitatile de ivire a unor evenimente in sonde. Unul dintre
evenimente ce pot apare ca urmare a utilizarii unui depozit subteran de inmagazinare al gazelor

naturale este cel in care acesta comunica cu complexele aflate in exploatare, caz in care gazele



migreaza astfel ca se formeaza o singura unitate hidrodinamica. La inceputul exploatarii toate
complexele au reprezentat unitdti hidrodinamice distincte, insd prin modul de exploatare
(perforare simultana si neselectivd) gazele rezultate au migrat ca urmare a izolarii neeficiente a
coloanelor de exploatare ale sondelor ce a favorizat migrarea gazelor din depozitul de
inmagazinare In complexele adiacente inferioare si superioare, motiv pentru care s-a ajus la
situatia in care complexele considerate obiective de exploatare enumerate sa constituite o singura

unitate hidrodinamica impreuna cu complexul de inmagazinare.

Recomandare!

In cazul in care se remediaza totalitatea problemelor legate de etanseitatea sondelor ce
implica migrari masive de gaze, se poate experimenta (in cazul cererii mari de gaze) injectia tip
multi ciclu (realizatd in cicluri scurte) si functie de rezultate metoda se poate implementa si la

alte depozite subterane de gaze naturale.

Cuvinte cheie: zicamant, hartd structurald, sectiune geologicd, depozit de inmagazinare

al gazelor naturale, hazard natural, sisteme de monitorizare, comportare dinamica a rezervorului.
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INTRODUCTION

The underground storage of natural gas is an efficient technology that has been in use
since 1915. It is used to regulate the supply of natural gas reported to fluctuating gas demand.

The first underground natural gas deposit in the world was built in 1915 and was
successfully experimented in depleted field in Walland County — Ontario Canada where after the
reconditioning of the wells, the natural gas was stored in the summer and extracted in the next
winter.

The first underground storage of modern natural gas in Romania carried out in a depleted
reservoir was made in 1979 at Urziceni, which has the role of taking over and ensuring natural
gas supply for the capital during the cold period.

In our country, the gas consumption has a seasonal character, so there exist a cold period
(November - April) when the gas consumption has a very high level and also a hot period (May -
October) when the gas consumption is reduced and the gas production increases as a result of

low demand.

SUMMARY

The main objective of the PhD thesis "Contributions to Geological Conditions and
Natural Hazards of Underground Gas Storage Study" is represented by the realization of a
deposit model in terms of the underground natural gas storage and the analysis of the natural
hazard factors that can intervene to operate an underground gas storage operating.

The paper is structured in 4 chapters, being followed by conclusions, personal
contributions and also a separate volume which contains 23 graphical annexes.

Chapter I is dedicated to the study of phisical and thermal properties of natural gas.

In the second chapter are analyzed the terminologies and both internationally and
Romanian normative acts regarding the underground storage of natural gas. Also, the conditions
necessary for the construction of an underground storage of natural gas and the main types of
deposits that can be converted into underground deposits are studied. In the Chapter II are
detailed presented the advantages and disadvantages of these deposits.

Chapter III is intended to analyze the main factors regarding natural hazards both in
surface and in deposit conditions.

The fourth chapter is represented by the case study — ZD Structure, a structure that is
analyzed geologically, physically and natural hazard factors. The main personal contributions

can be synthesized as follows:

15



- The analyzing the of necessary conditions for the realization of the underground natural
gas deposits and the optimal choice of the deposits used as underground gas deposits. In the
paper, the author points out that an essential point in the design of an underground storage
deposit is the identification of any leakage caused by loosing wells’ integrity due to geological
complexes / packets, columns, weak cements leading to gas migration. This is the reason why
many depleted deposits converted to underground storage of natural gas are abandoned.

- The author also analyzes the advantages and disadvantages both from geologically and
physically point of view of the main types of deposits used as underground storage of natural gas
and brings a number of important contributions and recommendations to the process.

- The author recommends that when the salt domes are used for the natural gas storage,
the depth of the dome should not be very high (over 1500 m), because of the tendency of salt to
flow through the flow / creep, which implies the occurrence of two cases:

-it may be produce the filling of the deposits, situation where it does not
retain the initial form;

-it can be created migration routes and in this case the deposits doesn’t
corespond to the initial purpose.

- The analysis regarding the highlighting of natural hazard factors both on the surface
and in depth of structures used in underground natural gas storage processes. These natural
hazard factors were also identified and analyzed in the case study investigated.

- The analyzing of a case study (generically called the ZD Structure) on which a natural
gas storage facility can be designed. This is analyzed from the geological model point of view
(drawing of structural maps, geological sections, parallelization of geophysical wells diagrams,
isobatic representation of perforations), from the physical model point of view (by studying the
exploitation behavior of the deposit, its types and storage performances) as well as geohazards
point of view.

- An essential point emphasized in this paper is the leakage behind wells case
(cementation). The author proposes two basic conditions for the execution or restoration well
cementation, namely:

- wells drilling to be achieved at the end of injecion cycle in order to present
formations fracturing and sealing loose;

- for wells casing cementing restoration this has to be done whith light
densities and high viscosity cements by water percentage increase but this

implies a large cementing time, high filtration and low cement strengh.
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- In this paper it is proposed to be constructed two injection and extraction maps, with
which the flow of each well to the storage process is delimited according to the flow rate;

- The author proposes a calculation algorithm for the determination of production history
of the underground natural gas deposits;

- Regarding the insufficient volume of pore used for storage, the author proposes an
algorithm for calculating the pore volume for each storage complex.

- It is proposed that each complex used for the natural gas storage to be analized through
the variation in compaction consistency. Following this analysis, it is possible to specify the
influence of physical properties and the fracture advancement degree.

-The author calculates and graphs the gradients of pressure and fracture for the
underground natural gas storage on the ZD Structure. Based on the results, the limit values to
which the gases can be stored in the geological formations and up to which the latter "resist"
(does not fracture) have been identified. Considering the aspect that maximum pressure is an
essential condition in the natural gas injection process, the author identifies two situations:

-first case refers to the fact that gas can be injected depending on injection
pressure (pin) the rocks presenting a fracture gradient of gas (I fis finat = 1,6
bar/10m);
-second case refers to the fact that gas can be injected depending on the injection
pressure (pinj) vesulting a final fracture gradient by calculation;

- Given that the investigated case study (Structure of ZD) presents leakages of the
Sarmatian III complex, the author conclude that the further storage on this complex is no longer
indicated;

-The author proposes a rigorous analysis of the wells perforation. The graphical
representation of perforations on the case study ZD structure is presented in appendix no. 15.

- Regarding the natural hazard factors on the case study, the author analyzed both surface
lithology (performing two deep geotechnical drilling) and the influence of these factors on the
storage process (inefficient cementation, gas migration behind the columns, contamination of
formations, floods of formations).

- The author also analyzes the possibilities of some events in the wells. One of the events,
that may occur as a result of using of a natural gas storage facility, is the one in which it
communicates with the producing complexes, case in which the gases migrate so that a single
hydrodynamic unit is formed. At the beginning of the operation, all the complexes represented
distinct hydrodynamic units, but by the exploitation mode (simultaneous and non-selective
perforation) the resulting gases migrated due to the inefficient isolation of the well columns that

facilitated the migration of the gases from the storage in the lower and higher adjacent
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complexes which led to the situation in which the complexes considered exploitation objectives

constitute a single hydrodynamic unit together with the storage complex.

Recommendation!

If all the problems with the wells integrity involving massive gas migrations are
remedied, the multi-cycle (short cycle) injection can be experienced (in case of large gas
demand) and depending on results, the method can be implemented also at other underground

natural gas storage.

Key words: reservoir, structural map, geological cross section, underground gas storage,

natural hazardous, monitoring systems, dynamic reservoir behavior.
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