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ABSTRACT

Teza de fata a plecat de la necesitatea de a intelege si descrie fenomenele ce au loc in

urma functionarii defectuoase a prevenitoarelor de eruptie.

Plecand de la experientele nefaste din ultima perioada de timp, cand au avut mai multe

eruptii necontrolate si care s-au datorat in mare parte functionarii defectuoase sau a

nefunctiondrii prevenitoarelor de eruptie, manifestarile eruptive fiind soldate cu incendii (Satu

Mare, Romania) sau explozii, poluari si afectarea structurii platformei marine (Deepwater

Horizon).

De asemenea locul meu de munca actual, compania REPEDE si mai ales sarcinile mele

de serviciu, a dus la studierea intelegerii si descrierii a:

a. Curgerii fluidelor petroliere prin prevenitoarele de eruptie,

b. Analiza efectelor manifestarilor eruptive asupra echipamentelor, mediului si
angajatilor,

c. Efectele unor deteriorari ale prevenitoarelor de eruptie in timpul probarii acestora,
asupra cladirilor si a angajatilor,

d. Modelarea numerica a zonelor de aparitie a pericol in cazul eruptiei unor sonde
petroliere,

e. Modelarea In COMSOL a propagarii unei explozii.

In primul capitol am studiat eruptiile necontrolate si fenomenele ce au loc in propagarea

acestui fenomen.

Am definit aceste accidente tehnice (grave) care pot aparea 1n cazul forarii sondelor

de petrol si gaze si chiar si in timpul realizarii de operatii de crestere a productivitatii stratelor,

acestea manifestdri eruptive putand apare:

a.

In timpul traversarii stratului productiv, ca urmare a patrunderii fluidelor care satureazi
acest strat in fluidul de foraj,

Ca urmare a variatiei presiunii in timpul manevrei de extractie a garniturii de foraj,

Ca urmare a efectudrii de operatii de pistonare sau mansonare a stratului productiv si/sau
a coloanei de tubare,

In urma pierderii de fluid de foraj in timpul realizirii operatiunilor de dislocare a rocilor
(ca urmare a patrunderii acestuia In straturile productive) si izolarii complete a acestuia,
Ca urmare a utilizarii unui prevenitor de eruptie, neclasificat sau necorespunzator,
pentru clasa de presiune din sonda,

In timpul perforarii sau a operatiunilor de crestere a productivitatii sondelor,

Ca urmare a eroziunii/coroziunii tubingului de foraj sau a coloanelor de tubaj si deci
aparitia de scurgeri de fluide multifazice neprogramate,

Ca urmare a defectarii garniturilor de etansare de la flansele coloanelor sau a capetelor

de eruptie (aparitia unor scapari de fluide sub forma de jet).



De asemenea am analizat calitativ si cantitativ fluidele care ar putea erupe, fiind
constituite din:
a. (Gaze naturale asociate zacamintelor productive sau in curs de explorare,
Titei,
Apa asociatd zacdmantului patruns prin forare,

Nisip si urme de roci dislocate prin forare,

°o a0 =

Componente ale fluidului de foraj (produse chimice, produse biologice, componenti de
marire a capacitatii stratului productiv, elemente de reducere a permeabilitatii stratului
forat, etc.),

f. Elemente dislocate din echipamentele (metalice sau de altd naturd) avariate in urma

curgerii necontrolate ale fluidelor din sondele aflate in eruptie.

Modul de aparitie a unei eruptii necontrolate se datoreaza in primul rand faptului ca
in timpul executarii forajului, in timpul traversarii stratului saturat cu fluide sub presiune, apare
de obicei un dezechilibru de presiune (intre presiunea hidrostatica a coloanei de lichid din sonda
si presiunea sub care se gasesc fluidele din strat).

Daca presiunea hidrostatica a coloanei de lichid este mai mica decat presiunea din
strat, fluidele din strat patrund in lichidul din sonda, ducand la scaderea accentuata a presiunii
hidrostatice a coloanei de lichid de la nivelul stratului (datorita difuziei particulelor de gaze in
fluidul de foraj).

S-a observat ca fluidele care satureaza stratul, pot patrunde in fluidul de foraj chiar in
cazul in care presiunea hidrostaticd a coloanei de lichid din sonda (la nivelul stratului) este mai
mare decat presiunea la care se gasesc fluidele care satureaza stratul (datoritd gazeificarii
fluidului de sapa prin adsorbtia gazelor la suprafata particulelor coloidale de argila din fluidul
de foraj).

In cazul unei saturatii a stratului productiv numai cu faza lichida (neexistind gaze
libere sau in solutie) se observa o micsorare a greutatii specifice a fluidului de foraj (care se
poate corecta) si care se datoreaza difuziei particulelor de lichid datorata variatiei de densitate
dintre cele doua fluide aflate n contact.

Studiul cailor de patrundere a gazelor in fluidele de foraj mi-a permis sa constat ca
acestea duc la gazeificarea fluidului de foraj si se datoreaza:

a. Dizolvarii gazelor in apa libera din fluidul de foraj,

b. Difuzia sub forma de bule,

c. Adsorbtia la suprafata particulelor coloidale,

d. Dislocarea rocilor de catre sapa de foraj si patrunderea gazelor in fluid,
e. Proceselor de efuziune.

Am analizat adsorbtia gazelor libere la suprafata particulelor coloidale de argila, poate
duce la manifestarea stratului productiv (chiar daca presiunea hidrostatica a coloanei de lichid

din sonda la nivelul acestui strat este mai mare) si de asemenea volumul de gaze care intrd in



solutie (in fluidul de foraj) si care este o functie de presiune, temperaturd, natura gazului, tipul

rocilor, capacitatea de adsorbtie a particulelor coloidale, etc.

Un subcapitol important a fost studiul modificarii presiunii hidrostatice a fluidului de
foraj in timpul manevrei garniturii de foraj, plecand de la ecuatia lui W.T Cardwell, care a
definit vascozitatea fluidului de foraj in curgerea liniara, functie de curgerea simetrica axiala.
Studiul a pus in evidenta rezolvarea ecuatiei debitului de curgere a fluidului de foraj
prin interiorul garniturii de foraj si a debitului de curgere a fluidului prin zona dintre sonda si
garnitura de foraj, introducand o functie F(z)

1
F)=—F———F0—
) inz—(5—)

Care sd defineascd mai usor valoarea caderii de presiune la manevrarea garniturii de

z2-1

foraj.
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~ R2 72 72
(Z=pnz— (77
4luu
P= 72 F(z2)

Analizand datele forajelor din Roméania, am creat pentru prima oara o relatie de calcul

prin care pot sd determin valoarea functie F'(z) functie de z i anume:
F(z) =-0,0057z% + 0,1767z° - 2,1847/ /z* + 13,6862 - 45,007z + 70,9137 - 35,963
Cu un grad de eroare (proportia variatiei variabilei dependente care este previzibild

din variabila independenta) R*=0,9794
_ Resteraza forajului

273 lungimea forajului

Deci la extragerea unui tub cilindric (a garniturii de foraj) intr-un alt tub plin cu lichid
(gaura de sondd), lichidul din imediata apropiere a tubului, care se ridica este antrenat in aceiasi
directie, in timp ce lichidul mai departat de tub tinde sa coboare.

Deoarece, lichidul din tub (spatiul inelar) are o vascozitate apreciabila (a fluidului de
foraj) are loc un fenomen de forfecare intre cele doua curente, lichidul care urca tinde sa
micsoreze presiunea hidrostaticd a coloanei de lichid.

Aceste variatii de presiune se produc de-a lungul garniturii de prajini de foraj si scad
in lungul coloanei de fluid de la talpa sondei la suprafata.

Deci caderea de presiune depinde si de viteza de extractie, crescand cu viteza de
ridicare a garniturii.

Aceste variatii de presiune se produc de-a lungul Intregii garnituri de prajini de foraj

si scad liniar de la talpa sondei la suprafata.



Caderea de presiune care apare in lungul coloanei de lichid depinde de viteza de
extractie si anume creste cu viteza de ridicare a garniturii si de asemeni creste cu marimea
spatiului inelar dintre garnitura de prdjini si gaura de sonda si direct proportional cu vascozitatea
fluidului de fora;.

In cazul incdrcarii sapei sau a prajinii grele cu materiale rezultate din dislocarea
rocilor, spatiul dintre acestea si gaura de sonda se micsoreazd si mai mult astfel incat aceasta
variatie de presiune, duce in realitate la scaderea presiunii hidrostatice a coloanei de lichid (deci
la o valoare a acesteia stratul incepe sa produca).

In perioada cand garnitura este opritd pentru desurubarea unui pas, echilibrul se
restabileste, insd variatia de presiune va aparea la extragerea pasului urmator.

Deci fluidele care satureaza stratul patrund din strat in gaura de sonda sub forma de
dopuri la intervale aproximativ egale de timp.

Pe masura cresterii numarului de dopuri are loc o transbordare a acestora spre
suprafatd, provocand mici eruptii.

In final presiunea hidrostatici a coloanei de lichid din sondi, scade sub valoarea
presiunii din stratul productiv, moment in care stratul va asigura eruptia violenta a amestecului
fluid de foraj-fluide petroliere.

In cazul obturirii orificiilor sapei, variatia de presiune se accentueaz la toate nivelele
din sonda.

La coborarea garniturii de foraj (prdjinii) in sonda, are loc acelasi fenomen, cu
mentiunea ca presiunea suplimentard actioneaza de data aceasta in jos, ceea ce duce la cresterea
presiunii hidrostatice a coloanei de lichid care se exercitd asupra stratelor inferioare.

Cresterea valorii presiunii hidrostatice duce la atingerea presiunii de fisurare a
stratelor productive si deci scaderea nivelului de lichid din sonda (datorat patrunderii acestuia
in fisuri).

Traversarea unei zone cu pierderi de circulatie (zond aflata sub formatiuni petroliere,
gazeifere sau acvifere) face ca nivelul de lichid din sonda sa scada si deci presiunea hidrostatica
a coloanei de lichid din sonda (la nivelul acestor formatiuni) va devenii inferioard presiunii sub
care se gasesc fluidele care satureaza formatiunile respective si deci fluidele din strat vor incepe
sa erupa.

Spre deosebire de efectul de pistonare sau mansonare, efectul variatiei de presiune
poate sa apara la garnitura de prdjini fard nici o depunere exterioara (adica perfect curatd) sau
fara ca orificiile sapei sa fie infundate.

Efectul de pistonare sau mansonare are loc in momentul in care sapa, prdjina grea sau
turbina sunt acoperite cu material survenit in urma dislocarii rocilor si la manevra in sus a
garniturii are loc o micsorare a presiunii hidrostatice a coloanei de lichid sub manson, care
provoaca afluxul fluidelor din strat in sonda.

La oprirea manevrei, presiunea se restabileste, dar gazele si titeiul nu mai intrd in strat,

prin repetarea fenomenului ajungandu-se la un moment cand presiunea hidrostatica a coloanei



de lichid la nivelul stratului este inferioara presiunii din strat, deci se poate declansa
manifestarea eruptiva brusca a stratului.

Pe baza datelor culese in literatura de specialitate, in ceea ce urmeaza am creat un
model numeric privind evolutia caderii de presiune la tragerea sau manevrarea coloanei de foraj
pentru trei diametre de conducte (2 7/8 inch, 3 %4 inch si 4 % inch) in mai multe perioade de
timp (90 secunde, 30 secunde, 10 secunde).

Astfel am determinat caderea de presiune raportata in psi/1000 foots (0,0689 bar/304
m sau 0,000227 bar/m).

Plecand de la ecuatia bilantului energetic intre sectiunea corespunzitoare a partii
inferioare a coloanei (la nivelul stratului productiv) si sectiunea de iesire din sondd, am reusit
in subcapitolul 1.3 sa determin variatia presiunii intr-o sonda in timpul forajului

, 100 Jep 0065 (Q A) 1935 52
(Pr = Pe)” = 50883 — 100L)

in ecuatia de mai sus x = 2,9227 - = (Iy — I) . O fiind debitul de gaze in Nm?/24 h,

L este lungimea coloanei (adancimea sondei) m, D este diametrul interior al coloanei de foraj,
cm, u vascozitatea gazelor cP, T,, este temperatura medie °K, pysi pe fiind presiunile kgf/cm?.
Valorile integralelor I si I sunt tabelate, rezolvarea ecuatiei 1.31 realizdndu-se prin
incercari repetate.
De asemeni aceiasi variatie a presiunii am determinat-o si cu relatia:
. 0,03&;33]& 1,583 1 ZZTZQZ 0,028;331&
pf =pce “m + B (e %™m —1)
pc $ipy fiind presiunile din coloand (de la suprafatd) si la nivelul stratului productiv
(kgf/m?).
Calculele efectuate pe un numar de 100 de sonde si comparate cu datele din teren,

demonstreaza cd relatia a doua este mai apropiatd de realitate fata prima relatie.

De asemeni am reusit sd determin si ecuatia de variatie a debitului de fluide a unei
sonde aflata Tn manifestare eruptiva.

In finalul primului capitol am definit cauzele aparitiei acestor accidente (manifestiri
eruptive), acestea fiind:

a. Neetanseitatii echipamentului de suprafatd, in acest caz eliminandu-se aceste
echipamente si apoi introducandu-se o conducta cu un pacher sau un dispozitiv de
etansare la un capdt si un sistem de vane la celalalt capat si preluarea debitului de fluide
petroliere si reducerea presiunii din sonda prin metode clasice,

b. Deteriorarea coloanei de tubaj si canalizarea fluidelor petroliere prin sol sau prin
coloana distrusd. Remedierea accidentului constd in introducerea unor coloane
prevazute cu pachere la un capat si cu vana de sectionare la celdlalt capat.

c. Deteriorarea coloanei de tubaj in mai multe locatii plasate in addncimea sondei,
remedierea efectudndu-se prin sparea altei sonde pana la contactarea zonei deteriorate
si introducerea de fluid de foraj greu (pentru omorarea sondet).



In cazul manifestarilor eruptive care au dus la declansarea unor incendii si mai ales
mentinerea acestora, tehnologiile de reducere a impactului asupra mediului a acestor accidente,
reducerea alimentdrii incendiilor cu substante inflamabile si mai ales eliminarea acestora,
pleaca de la utilizarea urmatoarelor tehnici speciale necesare in aceste cazuri, cum ar fi:

a. Utilizarea de echipamente speciale,

b. Séaparea de noi sonde dirijate pentru a intercepta sonda si apoi a o ineca,

c. Saparea de galerii miniere, dirijarea fluidelor petroliere si inecarea sondei,

d. Utilizarea de jeturi concentrate de spume cu CO»,

e. Declansarea unor explozii si apoi, dupa stingerea incendiului, montarea de instalatii

adecvate pentru stoparea scurgerilor de fluide petroliere.

Capitolul al doilea studiaza Modelarea curgerii gazelor prin prevenitoarele de eruptie,
reusind sa determin:
a. Ecuatiile de curgere,
b. Variatia proprietatilor gazelor la trecerea prin prevenitorul de eruptie.

Si in acest capitol am determinat pentru prima oard n literatura de specialitate ecuatia
e . N . - . . D2y,
variatiei de presiune Tnainte si dupa prevenitorul de eruptie (p— :
1

. T, do v
a. functie de -2, -2, -2
’ Ty dy vq

y (5—2)=-3,67+0,66 X1 (%) +3,88X2 (%)+ 0,15 X3(%)-0,062 X4 (My)
1 1 1 1
b. daca se introduce si raportul Ma/Mj,
y (:—:)=—4,34+0,46 XI(%) +0,67 X2 (;—j)+ 4,42 X3 (Z—j)-0,22 X4(:—i)-0,03 X5 (My)
1

Aceste ecuatii au fost determinate pentru un coeficient adiabatic y = 1,285, apoi am
determinat si pentru coeficient adiabatic (y ) de 1,18 , variatia de presiune inainte si dupa

. . T, d, v . o .
prevenitor (22) functie de 2, <2, -2 fiind data de ecuatia:
P1 Ty dy vy

¥ B=-0,66+1,05 X1 ()- 0,66 X2 (7)-0,59 X3(2)-0,011 X4 (M)
1 1 1 !

Atunci cand introducem in discutie si raportul M>/M; vom avea o ecuatie de forma
(pentru un coeficient adiabatic de 1,18):

y (Z—j)=1,80-3,10 XI(2) -0,23 X2 (;—j)+ 0,16 X3 /;—j)+ 2,51 X4(‘v’—j)-0,15 X5 (M)
1

Un subcapitol a fost dedicat studierii curgerii cu viteza mare prin tuburi (prajini de
foraj) a unui gaz eruptiv si modelarii curgerii gazului eruptiv in zona de degajare a
prevenitorului de eruptie.

Foarte important in determinarea curgerii gazelor eruptive prin prevenitorul de eruptie

este necesitatea determinarii presiunii de realizare a vacuumului la manifestari eruptive, analiza



efectuata in subcapitolul 2.5, creand un model numeric bazat pe determinarea raportului z—z )
1

. d T. . ) C e
functie de rapoartele d—z()u), T—z (x2) si a coeficientului adiabatic y.
1 1

Ecuatia este de tipul:

&:_ - ﬁ 2
P2 1,36-0,1153+1,21:240,76

In capitolul IIT am studiat comportarea in functionare a prevenitoarelor de eruptie.

Astfel am prezentat un istoric al manifestarilor eruptive si ama analizat accidentul de pe
platforma Deepwater Horizon.

Am prezentat:

a. riscurile asumate si neasumate in urma operarii forajului de pe platforma,

b. Erorile mecanismului de prevenire si control,

c. Efectele accidentului Deepwater Horizon.

Nivelul de poluare atins de scurgerea de petrol a fost cel mai mare din istoria dezastrelor
offshore.

Scurgerea de petrol a fost descoperitd in dupa-amiaza zilei de 22 aprilie 2010, cand o
patd mare de petrol a inceput sa se raspandeasca in zona de amplasare a platformei.

Petrolul a curs (s-a scurs) timp de 87 de zile. BP a estimat initial un debit de 1000 pana
la 5000 de barili pe zi (160-790 m*/zi).

Grupul tehnic a estimat ci debitul initial a fost de 62.000 barili pe zi (9.900 m? / zi).

Volumul total estimat al petrolului scurs a fost de aproximativ 4,9 milioane de barili
(780 000 m?), devenind cea mai mare deversare accidentald din lume
Referitor la personalul care lucra pe platforma, potrivit oficialilor, la bord se aflau 126 de
persoane, dintre care 79 angajati Transocean, sapte de la BP, iar 40 au fost ai firmelor
contractante.

Un total de 115 persoane au fost evacuate.

Barcile de salvare au dus 94 de muncitori la nava de aprovizionare, 4 au fost
transportati pe o altd nava si 17 au fost evacuati cu elicopterul in centrele de traumatologie din
Mobile, Alabama si Marrero, Louisiana.

Rapoartele initiale au indicat ca intre 12 si 15 muncitori au fost dati disparuti, Garda
de Coasta a Statelor Unite lansand imediat o operatiune de salvare care a implicat doud nave
ale pazei de coasta, patru elicoptere si un avion de salvare.

Garda de Coasti a cercetat aproape 1.940 de mile patrate (5.000 km?), pe 23 aprilie,
anuland cautarea in final a 11 persoane care au fost date disparute.

Oficialii au ajuns la concluzia cd muncitorii disparuti ar fi putut fi in apropierea
exploziei si nu au putut scidpa de explozia brusca si de accidentarea mortala.

Explozia a fost urmatd de un incendiu care a cuprins platforma. Dupa ce a ars mai
mult de o zi, Deepwater Horizon s-a scufundat pe 22 aprilie.



In continuarea fireasci a tezei de doctorat, am prezentat si o istorie a manifestarilor
eruptive din Romania si de asemeni o analiza a dezvoltarii prevenitoarelor de eruptie.

De asemenea am simulat si explozia care a avut loc pe platforma Deepwater Horizon.

Zona de accidentare mortala a fost de 91 m, de accidentare cu spitalizare de 126 m si

de mici arsuri 196 m.

Lungimea flacarii deschide a fost de 14 m, si cantitatea de gaze arse a fost 71000
kg/minut adica de 234401 kilograme.

Pentru a observa modul de actiune al BOP-ului (prevenitorul de eruptie) asupra
efectelor accidentului de pe platforma Deepwater Horizon, am analizat inchiderea acestuia.

Pentru a constata efectul privind nivelul si amplitudinea exploziei, dacd se manevra
la inchis dispozitivul de etansare (bacurile prevenitorului de eruptie-BOP), am studiat
prevenitorului luand in calcul un diametru a conductei de evacuare de 8 %, 10 %, 25 %, 50 %,
75 % si 100 % din diametrul prajinii de foraj (5 % inch).
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Figura I. Efectul exploziei de pe platforma Deepwater Horizon
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Figura II. Lungimea flacarii de pe platforma Deepwater Horizon
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Figura III. Rata de evacuare a gazului de pe platforma Deepwater Horizon

In cadrul subcapitolelor II1.8 si II1.9 am descris prevenitoarele de eruptie existente in
Romania (orizontale si verticale), finalizand acest capitol cu un model de calcul numeric privind
caracteristicile mecanice ale acestora.

Capitolul 4 analizeaza riscul in testarea si operarea prevenitorilor de eruptie, accentul
punandu-se pe determinarea:

- Nivelulului de risc global calculat pentru locurile de munca evaluate in cadrul

acestei teze de doctorat:
a. Pentru testarea prevenitoarelor de eruptie = 3,23,
b. pentru operarea prevenitoarelor de eruptie=3,24.
- Nivelulului de risc global rezidual calculat pentru locurile de munca evaluate in
cadrul acestei teze:
a. Pentru testarea prevenitoarelor de eruptie = 3,28,
b. pentru operarea prevenitoarelor de eruptie=2,86.

Valoarea nivelului de risc global pentru operarea instalatiei de prevenire a eruptiilor, ar
indica riscul potential, specific industriei de titei si gaze, valoarea ridicata a acestuia fiind
datorata, in principal, riscurilor induse de prezenta hidrocarburilor in procesul tehnologic.

In cazul factorilor de risc obiectivi (proprii mijloacelor de productie si mediului de
munca), s-a constatat ca majoritatea sunt intrinseci procesului de munca, dar aparitia lor este
conditionata de constituirea unor situatii anormale pentru desfasurarea activitatii.

Delimitarea factorilor de risc in functie de caracterul lor intrinsec sau specific procesul
de munca este utila deoarece pe aceastd baza se poate, actiona in consecinta:

- factorii a caror prezentd nu poate fi eliminata, putandu-se doar reduce frecventa

probabild de producere a consecintei maxime previzibile — factorii intrinseci;

- factorii care pot fi eliminati complet, ceea ce contribuie rapid la reducerea nivelului

de risc global - factorii incidentali, nespecifici procesului respectiv de munca.
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Evaluarea riscului constituie un instrument de lucru necesar si util atat pentru
intocmirea documentata a planului de prevenire §i protectie respectiv pentru orientarea optima
a eforturilor financiare in acest domeniu, cat si pentru inceperea implementarii sistemului de
management al securitatii §i sanatatii in muncd.

In capitolul 5 am studiat efectele arderii benzinei si a titeiului pe suprafata apei, rolul
acestui studiu fiind de a determina o ecuatie a influentei densitatii asupra arderii in timp.

Pentru acest lucru am simulat valoarea timpului de ardere functie de densitatea
produselor petroliere arse (cantitatea de produs petrolier ars), ecuatia determinatad fiind de
forma:

Y (timpul de ardere, minute)=-0,06 + 0,166 X1 (cantitatea de benzind arsd, grame) +
0,121 X2 (cantitatea de titei in amestec cu apd arsd, grame) + 0,099 X3 (cantitatea de titei
arsd, grame)

Vitezele de ardere au fost:

Benzina 3,25 g minut

Titei 1,75 g minut

Titeisiapa 2,55 g minut

O atentie deosebita a fost acordata evolutiei arderii titeiului care era deasupra apei.

S-a observat cum apa a dus la Imprastierea titeiului.

Temperatura atinsa 1150 grade C la titei si 1250 grade C la titei cu apa.

Raza de ardere a fost de 5.5 cm,

Diametrul de ardere 5,5 cm,

Inaltimea de ardere la titei 30.5 cm,

Inaltimea de ardere la titei cu apa 60.5 cm,

Inaltimea de ardere la benzina 50,5 cm.

Concluziile acestui capitol sunt urmatoarele:

a. In cazul incendiilor la o pata de titei nu trebuie utilizata apa pentru stingere,

b. Din cele ardtate rezulta ca pericolul total nu poate fi indicat printr-o singura valoare
numerica.

c. Trebuie stabilite valori pentru pericolul arderii cladirii sau instalatiei precum si
valori privind pericolul continutului.

d. Pentru evaluarea combustibilului si a proprietitilor acestuia este necesara
cunoasterea marimii a o serie de indici care sa intre cu valoarea respectiva in unele
relatii matematice.

e. Totusi se poate rezuma cd, la baza stabilirii pericolului de incendiu trebuie sd stea,
pe de o parte factori importanti care determina producerea si dezvoltarea
incendiului, iar pe de alta parte, factori ce trebuie sa determine prevenirea
incendiilor, exprimati In aceasta prin anumite marimi.
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Ultimul capitol si cel mai important in analiza si modelarea operdrii prevenitoarelor de
eruptie unde in primul rand ama analizat curgerea liberd a gazelor prin conductele rupte (libere
si deschise) si prin prevenitoarele de eruptie deschise la maximum utilizand ecuatia lui Wilson.

Masuratorile efectuate pe conductele de gaz (pe care au loc scapari de gaz si/sau eruptii
necontrolate) aratd ca transferul de cdldura de la gazul in miscare catre exterior (prin peretii
conductei) are valori infime (mentinandu-se o stare aproape izotermd pe toatd lungimea
conductei).

Exceptia de la aceasta teorie sunt ultimii 200 de diametre ale gauri de sonda, unde
procesul este adiabatic din cauza acceleratiei mari de la capatul tevii.

Qo L -t

Q(t) = m (eazﬁ + ae?)

Unde:

- Q este debitul de evacuare (kg s™!),

- Qg reprezinta debitul inainte de producerea avariei sau a eruptiei necontrolate

(ruperea conductei),

-« este un factor adimensional de conservare a masei,

- P reprezintd rata de timp adimensionald de producere a scurgerii necontrolate.

De asemenea presiunea la interfata adiabaticd/izotermald p;, este data de relatia:
Pia = (Z—Z) (pr — %prvfr)

Algoritmul de calcul a evacuarii gazului din conducta (prin eruptie necontrolatd) se
realizeaza prin multiplicarea calcului unor rate de eliberare a acestuia in momente diferite.

Ca si in alte rutine de calcul, lungimea intervalului de timp variaza astfel incat cantitati
egale de masa sunt eliberate In fiecare pas de timp.

Daca n este numarul total de pasi de timp, atunci fiecare nou pas de timp este calculat

vvvvvv

tit1

M
F(tiyq) = 7T - Q(t)dt
ti

unde t; este momentul de timp pentru calcul, anterioar si t;;; este momentul de timp
nou.
Intervalul de timp minim este de 60 de secunde si calculul se considerd incheiat dupa o
ora de evacuare a gazului in atmosfera.
In analiza evolutiei stirii de pericol pentru angajati si vizitatori, am creat pentru prima
oard in literatura de specialitate:
a. Evolutia frontului exploziv care poate produce decese in cazul angajatilor si a
personalului vizitator,
b. Evolutia frontului exploziv care poate produce accidente cu spitalizare in cazul
angajatilor si a personalului vizitator,
c. Evolutia frontului exploziv care poate produce accidente fara spitalizare in cazul

angajatilor si a personalului vizitator.
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Modelul a plecat de la identificarea urmatoarelor rezultate in cazul producerii unei
eruptii la o sonda de gaze naturale:

a. Lungimea flacarii deschide, m,

b. Rata de evacuare a gazelor naturale, kg/min,

c. Zona de accidentare mortald, m (10 kw/m?),

d. Zona de accidentare cu spitalizare, m (5 kw/m?),

e. Zona de accidentare cu mici arsuri, m (2 kw/m?).

Pentru calcul am luat:

a. Diferite pozitii ale prevenitorului conductei eruptive, (%), (100, 75, 50, 25, 10, 8),

fatd de diametrul conductei de foraj (care am luat-o ca fiind de 146 mm),

b. Diferite adancimi ale conductei de foraj, (m), (1000, 2000, 3000),

c. Diferite presiuni ale stratului productiv, (atm.), (50, 100, 200, 300).

Pentru prima simulare temperatura mediului ambiant si viteza vantului sunt de 25°C si
5 m/s.

Ecuatia care descrie diametrul zonelor de accidentare mortald, m (10 kw/m?) (Y) functie
de diametrul conductei eruptive, mm (X1), adancimea forajului, m (X2), presiunea stratului
productiv, bar (X3), viteza vantului, m/s (X4), lungimea flacarii deschide, m (X5) si rata de
evacuare, kg/min (X6) este urmatoarea:

Y=8,544-0,169 X1 -0,00018 X2 -0,00012 X3+ 2,798 X5 +0,00084 X6

Unde R? este egal cu 0,9898

Ecuatia care descrie diametrul zonelor de accidentare care are efect spitalizarea celui
accidentat, m (5 kw/m?) (Y) functie de Diametrul conductei eruptive, mm (X1), adancimea
forajului, m (X2), presiune strat productiv, bar (X3), viteza vantului, m/s (X4), Lungimea
flacarii deschide, m (X5) si Rata de evacuare, kg/min (X6) este urmatoarea:

Y=7,545-0,295 X1 -0,00018 X2 -0,00025 X3+ 4,889 X5 +0,00109 X6

Unde R? este egal cu 0,9846

Ecuatia care descrie diametrul zonelor de accidentare fard spitalizarea celui accidentat,
m (2 kw/m?) (Y) functie de Diametrul conductei eruptive, mm (X1), adancimea forajului, m
(X2), presiune strat productiv, bar (X3), viteza vantului, m/s (X4), Lungimea flacarii deschide,
m (X5) si Rata de evacuare, kg/min (X6) este urmatoarea:

Y=6,578-0,295 X1 -0,518 X2 -0,0004 X3+ 8,804 X5 +0,0015 X6

Unde R? este egal cu 0,9996

In subcapitolul 6.3. am analizat Modelarea curgerii gazului prin prevenitoarele de
eruptie functie de starea vremii si de presiunea de zacamant, creand mai multe ecuatii care sa
descrie:

a. Valorile ratei de evacuare a gazelor (kg/min) si a indltimii flacarii jetului de gaze arse,

b. Zonele de accidentare mortal, cu spitalizare sau fari spitalizare (kW/m?),
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Functie de:

a.

b
C.
d

Presiunea stratului productiv (bar),
Adancimea sondei (m),

Viteza vantului (m/s),
Temperatura zonei de lucru (°C).

Ecuatia de variatie a diametrului zonei de accidentare mortali (Y) (10 kw/m?), functie

de:

presiune strat productiv, bar (X1),
viteza vantului, m/s (X2),
temperatura, ° C (X3),

Lungimea flacarii deschide, m (X4),
Rata de evacuare, kg/min (X5),

Y=-44,3077786-0,225861111 X1 +0,22566139 X2 - -0,08867012 X3 +5,029962653
X4 +0,002041408 X5

Ecuatia de variatie a diametrului Zonei de accidentare cu spitalizare, m (5 kw/m?),

functie de:

presiune strat productiv, bar (X1),
viteza vantului, m/s (X2),
temperatura, ° C (X3),

Lungimea flacarii deschide, m (X4),
Rata de evacuare, kg/min (X5),

Y=-55,7927833-0,254216999 X1 +0,228057717X2 - 0,131313788 X3
+6,598540386 X4 + 0,002517563 X5

Ecuatia de variatie a diametrului Zona de accidentare cu mici arsuri, m (2 kw/m?),

functie de:

presiune strat productiv, bar (X1),
viteza vantului, m/s (X2),
temperatura, ° C (X3),

lungimea flacarii deschide, m (X4),
rata de evacuare, kg/min (X5),

Y=-86,00117517-0,489410055 X1 +0,204721792 X2 -0,210459724 X3
+10,27790407 X4 + 0,004468704 X5
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Totodatd am construit o relatie intre lungimea flacarii deschise (m), diametrul conductei

eruptive, adancimea forajului (m) si presiunea stratului (bar).
=-0,96370487 + 0,106200923 X1 -7,997E-20 X2 +0,004180791 X3
Concluziile simularilor din acest subcapitol ne indica urmatoarele:

a. Zona de accidentare mortald, m (10 kw/m?) este cuprinsi intre 31 m si 74 m cind viteza
vantului diferd Intre 5 si 15 m/s,

b. Zona de accidentare mortali, m (10 kw/m?) este cuprinsi intre 33 m si 75 m cand
temperatura mediului ambiant diferd intre 5 si 10 ° C,

c. Lungimea flacarii libere este cuprinsa intre 14 si 16 m,

Rata de evacuare este cuprinsa intre 8440 si 52000 kg/min functie de temperatura
mediului ambiant, viteza vantului si presiunea stratului productiv,

e. Zona de accidentare mortald, m (10 kw/m?) este cuprinsi intre 31 m si 10 m cand
diametrul conductei eruptive este cuprins intre 8 % si 100 % din diametrul conductei
eruptive la o presiune constata de 50 bar,

f. Zona de accidentare mortald, m (10 kw/m?) este cuprinsi intre 31 m si 68 m cand
presiunea stratului productiv creste de la 50 bar la 300 bar (la acelasi diametru de
100 %),

g. La o deschidere a prevenitorului de eruptie de 8 % din diametrul conductei eruptive,

diametrul Zona de accidentare mortald, m (10 kw/m?) este maximum 10 m.

De asemenea am descris 1n subcapitolul 6.4 necesarul de teste pentru punerea in
functionare a prevenitorilor de eruptie precum si criteriile de acceptare.

In continuare am realizat un studiu privind efectele probelor de presiune asupra
angajatilor.

Am analizat efectele presiunii de testare asupra mediului ambiant in cazul spargerii sau
neetanseitdtii echipamentului de testare (prevenitorului de eruptie).

Pentru testare am luat apa cu ulei (acid sulfuric fumans) ySO3-H2O cu o concentratie de
1 %.

Ecuatiile de variatie a cantitdtii de lichid scurse in atmosfera functie de presiune si
diametru sunt:

y = -1E-06x> + 0,0003x> + 0,1043x - 0,44 la un diametru al avariei de 2 cm, (y este
cantitatea de lichid scursad kg/min),

y = -9E-07x> + 0,0003x> + 0,1144x - 0,764 la un diametru al avariei de 1 cm, (y este
cantitatea de lichid scursad kg/min),

Foarte important este de a determina numeric zonele afectate de avarie functie de

presiune si diametrul avariei.
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Ecuatia diametrului zonei de distrugere a cladirilor (Y), m (adicd diametrul zonei de
avariere) functie de presiunea de testare (bar) (X1) si diametrul avariei (cm) (X2).
Y=-5,3+0,058 X1+ 3,2 X2

Ecuatia diametrului zonei cu accidente umane (Y), m (adica diametrul zonei de avariere)

functie de presiunea de testare (bar) (X1) si diametrul avariei (cm) (X2).

Y=-3,3+0,058 X1+ 3,2 X2

Ecuatia diametrului Zonei unde pot aparea spargeri de geamuri si mici desprinderi de
material, m (Y), m (adicd diametrul zonei de avariere) functie de presiunea de testare (bar)
(X1) si diametrul avariei (cm) (X2).

Y=6,4+0,052 X1+ 0,4 X2

De asemeni am determinat:

- Efectele unei avarii asupra mediului ambiant la diametrul de 1 cm (probare BOP)

- Efectele unei avarii asupra mediului ambiant la diametrul de 2 cm (probare BOP)

- Efectele unei avarii asupra scurgerii de lichide din BOP la un diametrul de 1 cm
(probare BOP),

- Efectele unei avarii asupra scurgerii de lichide din BOP la un diametrul de 2 cm
(probare BOP).

20
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10

efectul avariei, m

o N b O

0 50 100 150 200 250 300
presiunea de testare, bar
—@— Zona de distrugere cladiri, m
—@—Zona cu accidente umane, m

—@— Zona unde pot aparea spargeri de geamuri si mici desprinderi de material, m

Figura IV Efectele unei avarii asupra mediului ambiant la diametrul de 1 cm (probare
BOP)
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—@— Zona unde pot aparea spargeri de geamuri si mici desprinderi de material, m

Figura V. Efectele unei avarii asupra mediului ambiant la diametrul de 2 cm (probare
BOP)

Rata de curgere a gazului in atmosfera, kg/min
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Figura VI. Efectele unei avarii asupra scurgerii de lichide din BOP la un diametrul de 1
cm (probare BOP)
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Rata de curgere a gazului in atmosfera, kg/min

35
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Figura VII. Efectele unei avarii asupra scurgerii de lichide din BOP la un diametrul de 2
cm (probare BOP)

Ultimul subcapitol reprezintd Modelarea in COMSOL a exploziei prevenitorului de
eruptie cu scopul de a determina:
- Valoarea maximd a puterii campului exploziv functie de locul de producere a
exploziei,
- Evolutia spectrului exploziei ,
- Evolutia derivativa a spectrului exploziei ,
- Frecventa undelor de transmitere a fluxului exploziei ,

- Evolutia frontului exploziv functie de timpul de producere si transfer a acestor unde .

Lucrarea abunda in ecuatii numerice si modele create in urma experimentelor realizate, cele
19 anexe fiind foarte bogate in intelegerea materialului de fatd, precum si a cercetarilor
realizate.
Asa cum se observd, am utilizat un numar mare de date culese din forajele marine si din
testdrile de echipamente efectuate de catre subsemnatul, lucrarea fiind foarte complexa si avand
la baza cele mai noi studii si cercetdri mondiale.
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ABSTRACT

The present thesis started with the need to understand and describe the phenomena that
occur when eruption preventers malfunction.

Starting from the unfortunate experiences of the last period of time, when there were
several uncontrolled eruptions, which were mostly due to the malfunctioning or non-
functioning of the eruption preventers, the eruptive manifestations resulted in fires (Satu
Mare, Romania) or explosions, pollution, and damage to the structure of the marine platform
(Deepwater Horizon).

Also, my current job, the company REPEDE, and especially my job duties led to

studying the understanding and description of:

a. Flows of petroleum fluids through blowout preventers,

b. Analysis of the effects of eruptive manifestations on equipment, the environment, and
employees;

c. The effects of damage to blowout preventers during their testing on buildings and
employees,

d. Numerical modeling of danger zones in case of oil well eruption,

e. Modeling in COMSOL the propagation of an explosion.

In the first chapter, we studied uncontrolled eruptions and the phenomena that occur in
their propagation.

We have defined these (serious) technical accidents that can occur in the case of drilling
oil and gas wells and even during operations to increase the productivity of strata; these eruptive

manifestations may occur:

a. During the crossing of the productive layer, as a result of the penetration of the fluids
that saturate this layer into the drilling fluid,

b. As a result of the pressure variation during the drill string extraction maneuver,

c. As a result of carrying out pistoning or sleeve operations of the productive layer and/or
the tubing string,

d. Following the loss of drilling fluid during rock dislocation operations (as a result of its
penetration into the productive layers) and its complete isolation,

e. As aresult of using a blowout preventer, unrated or inappropriate for the pressure class
in the well,

f. During drilling or well productivity enhancement operations,

Mr.  As a result of erosion/corrosion of the drill tubing or tubing strings and thus the
occurrence of unscheduled multiphase fluid leaks,

h. This is a result of the failure of the seals on the flanges of the columns or the eruption
heads (the appearance of fluid leaks in the form of a jet).
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We also qualitatively and quantitatively analyzed the fluids that could erupt, being made

up of:

a. Natural gas is associated with productive deposits or is under exploration.

b Oil,

C. Water associated with the deposit penetrated by drilling,

d Sand and traces of rocks dislodged by drilling,

e Components of the drilling fluid (chemical products, biological products, components

to increase the capacity of the productive layer, elements to reduce the permeability of the
drilled layer, etc.),
f. Dislocated aspects of equipment (metallic or otherwise) damaged by the uncontrolled

flow of fluids from erupting wells.

An uncontrolled blowout occurs primarily because during drilling, during the passage
of the layer saturated with pressurized fluids, a pressure imbalance usually occurs (between the
hydrostatic pressure of the fluid column in the well and the pressure under which the fluids in
the layer are found).

If the fluid column's hydrostatic pressure is lower than the formation's pressure, the
formation fluids penetrate into the wellbore fluid, resulting in a sharp drop in the fluid column's
hydrostatic pressure at the formation level (due to the diffusion of gas particles in the drilling
fluid).

It has been observed that fluids saturating the formation can penetrate the drilling fluid
even if the hydrostatic pressure of the fluid column in the well (at the level of the formation) is
higher than the pressure at which the fluids saturating the formation are found (due to the
gasification of the drilling fluid by the adsorption of gases on the surface of colloidal clay
particles in the drilling fluid).

In the case of saturation of the productive layer only with the liquid phase (there are no
free gases or in solution), a decrease in the specific gravity of the drilling fluid is observed
(which can be corrected), which is due to the diffusion of liquid particles due to the density
variation between the two fluids in contact.

The study of the paths of penetration of gases into the drilling fluids allowed me to find
that they lead to the gasification of the drilling fluid and are due to:

a. The dissolution of gases in the free water from the drilling fluid,

b Diffusion in the form of bubbles,

C Adsorption on the surface of colloidal particles,

d. Dislodgement of rocks by the drill bit and ingress of gases into the fluid,
e Effusion processes.

We analyzed the adsorption of free gases on the surface of the colloidal clay particles; it can
lead to the manifestation of the productive layer (even if the hydrostatic pressure of the liquid
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column in the well at the level of this layer is higher) and also the volume of gases entering the
solution (in the drilling fluid) and which is a function of pressure, temperature, nature of the
gas, type of rocks, adsorption capacity of colloidal particles, etc.

An important sub-chapter was the study of the change in the drilling fluid's hydrostatic
pressure during the drilling rig maneuver, starting from the equation of W.T. Cardwell, which
defined the drilling fluid's viscosity in linear flow as a function of axially symmetric flow.

The study highlighted the solution of the equation of the flow rate of the drilling fluid
through the interior of the drill string and the flow rate of the fluid through the zone between
the well and the drill string, introducing a function F(z), which will more easily define the value
of the pressure drop when handling the drilling rig.

F(z ):ﬁ
E)inz—(5—)
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Analyzing the data of the boreholes in Romania, I created for the first time a calculation

p =

relationship through which I can determine the value of the function F(z) as a function of z,
namely:
F(z) =-0,0057z° + 0,1767z° - 2,1847/ /z* + 13,6867> - 45,0072 + 70,9137 - 35,963

With a margin of error (the proportion of variation in the dependent variable that is
predictable from the independent variable) R* = 0.9794.
_ Risradius of drilling well

~ Sisleght of drilling well
So when a cylindrical tube (the drill string) is drawn into another fluid-filled tube (the
wellbore), the fluid near the tube, which rises, is entrained in the same direction, while the fluid
further away from the tube tends to descend.

Since the fluid in the tube (annular space) has an appreciable viscosity (that of
the drilling fluid), a shear phenomenon occurs between the two streams. The rising fluid tends
to decrease the hydrostatic pressure of the fluid column.

These pressure variations occur along the drill string and decrease along the fluid
column from the bottom of the well to the surface.

So, the pressure drop also depends on the extraction speed, which increases with
the packing lift speed.

These pressure variations occur along the entire drill string and decrease linearly
from the bottom of the well to the surface.
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The pressure drop along the fluid column depends on the extraction rate. It increases
with the rate of rise of the liner and also increases with the size of the annular space between
the rod liner and the wellbore and is directly proportional to the viscosity of the drilling fluid.

When the hoe or the heavy rod is loaded with materials resulting from the rocks'
dislocation, the space between them and the borehole shrinks even more, so this pressure
variation actually leads to a decrease in the hydrostatic pressure of the liquid column (at a value
of this, the layer starts to produce).

When the gasket is stopped to unscrew a step, the balance is restored, but the
pressure variation will occur when the next step is extracted.

So, fluids saturating the formation penetrate from the formation into the borehole
as plugs at approximately equal time intervals.

As the number of plugs increases, they are transshipped to the surface, causing
small eruptions.

Finally, the hydrostatic pressure of the liquid column in the well drops below the
pressure value in the productive layer; at this point, the layer will ensure the violent eruption of
the drilling fluid-petroleum fluid mixture.

When the holes are plugged, the pressure variation is accentuated at all levels of the
well.

The same phenomenon occurs as the drill string (rod) is lowered into the
wellbore, except that the additional pressure acts downward this time, resulting in an increase
in the hydrostatic pressure of the fluid column exerted on the lower strata.

The increase in the hydrostatic pressure value leads to the reaching of the
cracking pressure of the productive layers and, therefore, the decrease of the liquid level in the
well (due to its penetration into the cracks).

Crossing an area with loss of circulation (an area under oil, gas, or aquifer
formations) causes the level of liquid in the well to decrease. Therefore, the hydrostatic pressure
of the column of liquid in the well (at the level of these formations) will become lower than the
pressure under which the fluids that saturate the respective formations are found, and therefore,
the fluids in the layer will begin to erupt.

Unlike the pistoning or sleeve effect, the pressure variation effect can occur at
the rod packing without any external (i.e., perfectly clean) deposits or plugging of the hoe holes.

The pistoning or sleeve effect occurs when the bit, heavy rod, or turbine is covered with
rock material. As the liner moves up, the hydrostatic pressure of the fluid column below the
sleeve decreases, causing fluids from the formation to flow into the wellbore.

When the maneuver is stopped, the pressure is restored, but the gases and crude
oil no longer enter the layer. By repeating the phenomenon, a moment can be reached when the
hydrostatic pressure of the liquid column at the layer's level is lower than the pressure in the
layer, triggering the sudden eruptive manifestation of the layer.

Based on the data collected in the specialized literature, we created a numerical
model regarding the evolution of the pressure drop when pulling or handling the drill string for
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three pipe diameters (2 ”® inches, 3 % inches, and 4 % inches) in several time periods (90
seconds, 30 seconds, 10 seconds).

Thus, we determined the pressure drop reported in psi/1000 feet (0.0689 bar/304
m or 0.000227 bar/m).

In subchapter 1.3, I determined the pressure variation in a well during drilling
by starting from the energy balance equation between the corresponding section of the lower
part of the column (at the level of the productive layer) and the exit section from the well.

, 100 ku0'065(QA)1'935x2
(Pr = Pe)” = —psosax — 1001

In the equation abovex = 2,9227 - % (Ir — 1) , O being the gas flow rate in Nm?/24

h, L is the length of the column (well depth) m, D is the inner diameter of the drill string, cm,
i gas viscosity cP, Ty, is medium temperature °K, pysi p. is pressures kgf/cm?.

The values of the integrals Ir and I, are tabulated, solving equation 1.31 by repeated
attempts.

We also determined the same pressure variation with the relationship:

0,06833yL 1,583 A ZZTZQZ 0,06833yL
pf =pie Ztm + PE (e ZTm  —1)

pc and py being the pressures in the column (from the surface) and at the level of the

productive layer (kgf/m?).

Calculations performed on 100 wells and compared with field data demonstrate that the
second relationship is closer to reality than the first relationship.

I also determined a well's fluid flow variation equation in eruptive manifestation.
At the end of the first chapter, I defined the causes of these accidents (eruptive
manifestations), which are:

a. Leakage of the surface equipment, in this case, removing these equipment and then
inserting a pipe with a packer or a sealing device at one end and a valve system at the other end
and taking over the flow of petroleum fluids and reducing the pressure in the well by classical
methods,

b. Damage to the pipe string and channeling of petroleum fluids through the soil or the
destroyed string. The remedy for the accident consists of introducing columns provided with
packers at one end and with the isolating valve at the other end.

c. Damage to the tubing string in multiple locations downhole, remediation by
drilling another well to contact the damaged area and injecting heavy drilling fluid (to kill the
well).

In the case of eruptive manifestations that led to the start of fires and especially their
maintenance, the technologies for reducing the environmental impact of these accidents,
reducing the supply of flammable substances to fires and especially their elimination, start from
the use of the following special techniques necessary in these cases, such as:

a. The use of special equipment,
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b. Digging new probes is directed at intercepting the probe and then sinking it.

c. Digging mining tunnels, directing petroleum fluids, and sinking the well; d.

The use of concentrated CO, foam jets,

e. Initiation of explosions and then, after extinguishing the fire, installation of
suitable installations to stop the leakage of petroleum fluids.

The second chapter studies the modeling of gas flow through blowout
preventers, managing to determine:
a. The flow equations,

b. The variation of gas properties when passing through the blowout preventer.

In this chapter, we determined the pressure variation equation before and after
the blowout preventer for the first time in the literature.
TZ dz (%)

c. Functionto = —=,—=
T1 d1 771

y (:%)=-3,67+0,66 X1 (Z—) +3,88X2 /;—2)+ 0,15 X3(§)-0,062 X4 (My)
1 1 1 1
d. Function to introduced report M2/Mj,
y (”2 =-4,34+0,46 X](M) +0,67 X2 ( 2)+ 4,42 X3 (” D022 X4(”2) 0,03 X5 (M)

These equations were determined for an adiabatic coefficient y = 1,285, ap I also
determined for the adiabatic coefficient (y ) de 1,18 , pressure variation before and after the
_2 42 vz

,— , and result equations :

preventer (—) function to -
1

¥ B)=0,66+1,05 X1 (- 0,66 X2 ()-0,59 X3(2)-0,011 X4 (M)
1 1 1 1
When we also introduce the ratio M2/M1 into the discussion we will have an equation
of the form (for an adiabatic coefficient of 1.18):

y (’”2 =1,80-3,10 XI (-~ ) 0.23X2 ( )+ 0,16 X3 (Z—j)+ 2,51 X4(:—i)-0,15 X5 My

A subchapter was devoted to the study of the high-velocity flow through tubing (drill
rods) of an eruptive gas and the modeling of the eruptive gas flow in the blowout preventer
clearance zone.

Very important in determining the flow of eruptive gases through the eruption
preventer is the need to determine the vacuum pressure during eruptive events, analysis carried

out in subchapter 2.5, creating a numerical model based on the determination of the ratio % »)
1

. d . . .
and function to the reports d—z(x1), % (x2) and adiabatic coeficient y.
1 1
Equation is :

:%—-1 36-0, 11"’2+1 21—+0 76 x
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In chapter III, we studied the behavior of the eruption preventers during operation.

Thus, we presented a history of eruptive manifestations and analyzed the accident on
the Deepwater Horizon platform.

I presented:

a. the risks assumed and not assumed following the drilling operation on the
platform,

b. The errors of the prevention and control mechanism,

c. Effects of the Deepwater Horizon accident.

The level of pollution reached by the oil spill was the highest in the history of offshore
disasters.

The oil spill was discovered on the afternoon of April 22, 2010, when a large oil slick
began to spread across the rig site.

The oil flowed (leaked) for 87 days. BP initially estimated a flow rate of 1000 to 5000
barrels daily (160-790 m3/day).

The technical group estimated the initial flow rate was 62,000 barrels per day (9,900 m3
/ day).

The total volume of oil spilled was approximately 4.9 million barrels (780,000 m3),
making it the largest accidental spill in the world.

According to the officials, 126 people were working on the platform, of which 79 were
Transocean employees, seven from BP, and 40 from the contracting companies.

A total of 115 people were evacuated.

Lifeboats took 94 workers to the supply ship, four were transferred to another boat, and
17 were evacuated by helicopter to trauma centers in Mobile, Alabama, and Marrero, Louisiana.

Initial reports indicated that between 12 and 15 workers were missing, and the United
States Coast Guard immediately launched a rescue operation involving two Coast Guard
vessels, four helicopters, and a rescue plane.

The Coast Guard searched nearly 1,940 square miles (5,000 km2) on April 23,
ultimately calling off the search for 11 people who were reported missing.

Officials concluded that the missing workers may have been in the vicinity of the blast
and could not have escaped the explosion and fatal injury.

The explosion was followed by a fire that engulfed the platform. After burning for over
a day, the Deepwater Horizon sank on April 22.

In the natural continuation of the doctoral thesis, I also presented a history of eruptive
manifestations in Romania and an analysis of the development of eruption preventers.

We also simulated the explosion that took place on the Deepwater Horizon platform.

The area of fatal injury was 91 m, of injury with hospitalization 126 m, and of minor
burns 196 m.
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The open flame was 14 m long, and the amount of gases burned was 71000 kg/minute,
or 234401 kilograms.

We analyzed the closure of the BOP (blowout preventer) to observe how it acted on the
accident's effects on the Deepwater Horizon platform.
To determine the effect on blowout level and amplitude if the sealer (BOP-Bops)
was operated closed, we studied the preventer considering a blowout pipe diameter of 8%, 10%,
25%, 50%, 75%, and 100% of the drill rod diameter (5 % inches).
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In sub-chapters II1.8 and III.9, I described the eruption preventers (horizontal and
vertical) in Romania, finishing this chapter with a numerical calculation model of their
mechanical characteristics.

Chapter 4 looks at risk in the testing and operation of blowout preventers, focusing on
determining:

- The global risk level calculated for the jobs evaluated in this doctoral thesis:

a. For testing flare preventers = 3.23,

b. for the operation of blowout preventers=3.24.

- The global residual risk level calculated for the jobs evaluated in this thesis:
a. For testing flare preventers = 3.28,

b. for the operation of blowout preventers=2.86.

The global risk level for the operation of the eruption prevention facility would indicate
the potential risk specific to the crude oil and gas industry. Its high value is mainly due to the
risks induced by the presence of hydrocarbons in the technological process.

In the case of the objective risk factors (specific to the means of production and the work
environment), it was found that most of them are intrinsic to the work process, but their

occurrence is conditioned by the creation of abnormal situations for the activity's performance.

The delimitation of risk factors according to their intrinsic character or specific to the
work process is helpful because on this basis, it is possible to act accordingly:

- factors whose presence cannot be eliminated, the probable frequency of producing the
maximum foreseeable consequence can only be reduced - intrinsic factors;

- factors that can be eliminated and quickly contribute to reducing the global risk level
are incidental factors not specific to the work process.
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The risk assessment is a necessary and useful work tool for the documented preparation
of the prevention and protection plan, for the optimal orientation of the financial efforts in this
field, and for the start of the implementation of the occupational health and safety management
system.

In chapter 5, we studied the effects of burning gasoline and crude oil on the surface of
water, the purpose of which was to determine an equation of the influence of density on burning
over time.

For this, we simulated the value of the burning time as a function of the density of the
petroleum products burned (the amount of petroleum product burned), the equation determined
being of the form:

Y (times of fire, min.)=-0,06 + 0,166 X1 (gasoline quantity, gr.) + 0,121 X2 (oil and
water quantity, gr.) + 0,099 X3 (oil quantity, gr.)

The burning rates were:

Gasoline 3.25 g minute

Crude oil 1.75 g min

Crude oil and water 2.55 g min

Special attention was paid to the evolution of the burning of the crude oil that was above
the water.

It was observed how the water resulted in the spreading of the crude oil.

The temperature reached 1150 degrees C for crude oil and 1250 degrees C for crude oil
with water.

The burning radius was 5.5 cm,

Burning diameter 5.5 cm,

Burning height for crude oil 30.5 cm,

Burning height for crude oil with water 60.5 cm,

Gasoline burning height 50.5 cm.

The conclusions of this chapter are as follows:

a. In the case of fires at a crude oil spill, water must not be used for extinguishing,

b. From what has been shown, a single numerical value cannot indicate the total
danger.

c. Values for the fire hazard of the building or installation must be established, as

well as values for the hazard of the contents.

d. To evaluate the fuel and its properties, it is necessary to know the size of a series
of indices that enter with the respective value in some mathematical relationships.

e. However, it can be summarized that, based on establishing the fire danger, there
must be, on the one hand, essential factors that determine the occurrence and development of
the fire, and on the other hand, factors that must evaluate the prevention of fires, expressed in
this through specific quantities.
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This is the last and most important chapter in the analysis and modeling of the operation
of blowout preventers. I first analyzed the free flow of gases through broken pipes (free and
open) and through fully open blowout preventers using Wilson's equation.

Measurements made on gas pipelines (on which gas escapes and/or uncontrolled
eruptions occur) show that heat transfer from the moving gas to the outside (through the walls
of the pipeline) is negligible (maintaining a nearly isothermal state along the entire length of
the pipeline).

The exception to this theory is the last 200 borehole diameters, where the process is
adiabatic due to the high end-of-pipe acceleration.

Q) = L (cTF + e )
1+ a)
where:
- Q@ is the exhaust flow rate (kg s™),
- Qg represents the flow rate before the damage or uncontrolled eruption (pipe
break) occurs,

- «ais a dimensionless mass conservation factor,
- P represents the dimensionless time rate of uncontrolled runoff production.
- Also the pressure at the adiabatic/isothermal interface p;, is:

Vir 1 2
Pia = (v_ia) ®r =5 PrVir)
The algorithm for calculating gas evacuation from the pipeline (by uncontrolled
eruption) is performed by multiplying the calculation of its release rates at different times.
As in other computational routines, the length of the time interval is varied so that equal
amounts of mass are released at each time step.

If n is the total number of time steps, then each new time step is calculated from the
previous one using a Newton-Raphson iteration scheme to find the roots of the equation:

tit+1

M
F(tiyq) = TT - Q(t)dt

t;

where t; is the time instant for the calculation, previous and t;, 4 is the new time instant.

The minimum time interval is 60 seconds and the calculation is considered completed
after one hour of gas release to the atmosphere.

In the analysis of the evolution of the state of danger for employees and visitors, we
created for the first time in the specialized literature:

a. The evolution of the explosive front that can cause deaths in the case of employees
and visiting personnel,

b. The evolution of the explosive front that can cause accidents with hospitalization in
the case of employees and visiting staff,
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c. The evolution of the explosive front that can produce accidents without

hospitalization in the case of employees and visiting personnel.

The model started from the identification of the following results in the event of a
blowout at a natural gas well:

a. The length of the open flame, m,

b. Natural gas discharge rate, kg/min,

c. Fatal accident area, m (10 kw/m?),

d. Injury area with hospitalization, m (5 kw/m?),

e. Injury area with small burns, m (2 kw/m?).

For the calculation we took:

a. Different positions of the blowout preventer, (%), (100, 75, 50, 25, 10, 8), relative to
the diameter of the drill pipe (which we took as 146 mm),

b. Different depths of the drill pipe, (m), (1000, 2000, 3000),

c. Different pressures of the productive layer, (atm.), (50, 100, 200, 300).

For the first simulation, the ambient temperature and wind speed are 25°C and 5 m/s.

The equation describing the diameter of the fatal injury zones, m (10 kw/m2) (Y) as a
function of the eruptive pipe diameter, mm (X1), drilling depth, m (X2), productive layer
pressure, bar (X3), wind speed, m/s (X4), open flame length, m (X5) and evacuation rate,
kg/min (X6) is as follows:

The evolution of the explosive front that can produce accidents without hospitalization
in the case of employees and visiting personnel.

Y=8,544-0,169 X1 -0,00018 X2 -0,00012 X3+ 2,798 X5 +0,00084 X6

Where R? is equal to 0.9898

The equation that describes the diameter of the injury zones that has the effect of
hospitalization of the injured person, m (5 kw/m?) (Y) depending on the diameter of the eruptive
pipe, mm (X1), the depth of the drilling, m (X2), the productive layer pressure, bar (X3), the
wind speed, m/s (X4), the length of the open flame, m (X5) and the evacuation rate, kg/min
(X6) is the following:

Y=7,545-0,295 X1 -0,00018 X2 -0,00025 X3+ 4,889 X5 +0,00109 X6

Where R? is equal to 0.9846

The equation that describes the diameter of the injury zones without hospitalization of
the injured person, m (2 kw/m?) (Y) depending on the Diameter of the eruptive pipe, mm (X1),
the drilling depth, m (X2), productive layer pressure, bar (X3), the wind speed, m/s (X4), the
length of the open flame, m (X5) and the evacuation rate, kg/min (X6) is the following:

Y=6,578-0,295 X1 -0,518 X2 -0,0004 X3+ 8,804 X5 +0,0015 X6
Where R? is equal to 0.9996.
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In subsection 6.3. we analyzed the Modeling of gas flow through blowout preventers
depending on weather and reservoir pressure, creating several equations to describe:

a. The values of the gas discharge rate (kg/min) and the flame height of the flue gas
jet,

b. Fatal accident areas, with or without hospitalization (kW/m?),

Function of:

®

The pressure of the productive layer (bar),
b Well depth (m),

c. Wind speed (m/s),
d

Temperature of the working area (°C).

Variation equation of the diameter of the fatal injury zone (Y) (10 kw/m?), depending on:
- productive layer pressure, bar (X1),
- wind speed, m/s (X2),
- temperature, ° C (X3),
- Length of open flame, m (X4),

- Evacuation rate, kg/min (X5),

Y=-44,3077786-0,225861111 X1 +0,22566139 X2 - -0,08867012 X3 +5,029962653
X4 +0,002041408 X5

Variation equation of the diameter of the Injury Zone with hospitalization, m (5 kw/m?),
depending on:

- productive layer pressure, bar (X1),

- wind speed, m/s (X2),

- temperature, ° C (X3),

- Length of open flame, m (X4),

- Evacuation rate, kg/min (X5),
Y=-55,7927833-0,254216999 X1 +0,228057717X2 - 0,131313788 X3
+6,598540386 X4 + 0,002517563 X5

Variation equation of the diameter Small burn injury zone, m (2 kw/m2), depending on:

- productive layer pressure, bar (X1),

- wind speed, m/s (X2),

- temperature, ° C (X3),

- the length of the open flame, m (X4),

- evacuation rate, kg/min (X5),
Y=-86,00117517-0,489410055 X1 +0,204721792 X2 -0,210459724 X3
+10,27790407 X4 + 0,004468704 X5
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At the same time, we built a relationship between the length of the open flame (Y)
(m), the diameter of the eruptive pipe (X1), the depth of the borehole (m) (X2) and the layer
pressure (bar) (X3).
Y=-0,96370487 + 0,106200923 X1 -7,997E-20 X2 +0,004180791 X3

The conclusions of the simulations in this subsection indicate the following:

a. The fatal injury zone, m (10 kw/m?) is between 31 m and 74 m when the wind
speed differs between 5 and 15 m/s,
b. The area of fatal injury, m (10 kw/m?) is between 33 m and 75 m when the

ambient temperature differs between 5 and 10 ° C,

c. The length of the free flame is between 14 and 16 m,

d. The evacuation rate is between 8440 and 52000 kg/min depending on the
ambient temperature, wind speed and pressure of the productive layer,

e. Fatal injury area, m (10 kw/m?) is between 31 m and 10 m when the diameter of
the blast pipe is between 8 % and 100 % of the diameter of the blast pipe at a constant pressure
of 50 bar,

f. The fatal injury zone, m (10 kw/m?) is between 31 m and 68 m when the pressure
of the productive layer increases from 50 bar to 300 bar (at the same 100% diameter),

At an opening of the blowout preventer of 8% of the diameter of the blowout pipe, the

diameter Fatal injury zone, m (10 kw/m?) is a maximum of 10 m.

I have also described in subchapter 6.4 the test requirements for putting the eruption
preventers into operation as well as the acceptance criteria.
Next, we carried out a study on the effects of pressure tests on employees.
We analyzed the effects of the test pressure on the environment in case of rupture or
leakage of the test equipment (blowout preventer).
For testing I took water with oil (fuming sulfuric acid) ySO3-H20O with a concentration
of 1%.
The equations for the variation of the amount of liquid leaked into the atmosphere
according to pressure and diameter are:
y =-1E-06x>+ 0,0003x> + 0,1043x - 0,44 at a damage diameter of 2 cm, (y is the amount
of liquid drained kg/min),
y = -9E-07x* + 0,0003x> + 0,1144x - 0,764 at a damage diameter of 1 cm, (y is the
amount of liquid drained kg/min).
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It is very important to numerically determine the areas affected by the damage as a
function of the pressure and the diameter of the damage.

Equation of the diameter of the building destruction zone (Y), m (ie the diameter of the
damage zone) as a function of the test pressure (bar) (X1) and the diameter of the damage
(cm) (X2).

Y=-5,3+0,058 X1+ 3,2 X2

Equation of the diameter of the human accident zone (Y), m (ie the diameter of the
damage zone) as a function of the test pressure (bar) (X1) and the diameter of the damage
(cm) (X2).

Y=-3,3+0,058 X1+ 3,2 X2

Equation of the diameter of the Zone where glass breaks and small material detachments
can occur, m (Y), m (ie the diameter of the damage zone) as a function of the test pressure
(bar) (X1) and the diameter of the damage (cm) (X2).

Y=6,4+0,052 X1+ 0,4 X2

We also determined:

- The effects of a damage on the environment at a diameter of 1 cm (BOP test)

- The effects of a damage on the environment at a diameter of 2 cm (BOP test)

- The effects of a breakdown on the leakage of liquids from the BOP at a diameter of 1
cm (BOP test),

- The effects of a breakdown on the leakage of liquids from the BOP at a diameter of 2
cm (BOP test).

he last sub-chapter is COMSOL Modeling of blowout preventer explosion to determine:

- The maximum value of the power of the explosive field depending on the place of the
explosion,

- The evolution of the explosion spectrum,

- The derivative evolution of the explosion spectrum,

- The frequency of the waves transmitting the explosion flow,

- The evolution of the explosive front depends on these waves' production time and

transfer.

The work abounds in numerical equations and models created due to the experiments.
The 19 appendices are very rich in understanding the present material and the research
carried out.

As can be seen, we used a large amount of data collected from marine drilling and
equipment testing carried out by the undersigned, the work being very complex and based
on the latest world studies and research.
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