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Ing. Claudiu Elvis Petrica Tanasa
Contributions concerning riser system and blow out prevention with regard to deep
and ultra-deep water drilling

Offshore drilling for deep and ultra-deep waters is having a high technical complexity.
The regulations concerning this area are still recommendations and not yet standards due to some
uncertainty in this field concerning operational procedures and technical capabilities. Therefore,
this thesis intends to emphasise and improve some operational elements with regards to offshore
drilling. It is required prior planning for offshore drilling operations to evaluate the areas of
concern and technical solutions to be adopted in order to successfully complete the operations.

The chapter 1 presents the main aspects concerning the environment influences over the
positioning of the offshore drilling platform as well as the dynamic positioning system.
Environmental aspects are having an important impact over the stability of the raiser column and
the positioning of the drilling rig. An incorrect placement of the buoyancy elements will lead to
uncontrolled movements of the offshore rig as well as deformation of the riser column.
Consequently the drill string will bent also which will result in damaging of the top drive as well.

As mentioned in this thesis, the positioning of the offshore drilling rig in deep and ultra-
deep water is made exclusively by the dynamic positioning system. However, in order to
increase the safety of the operations, light polymeric lines can be used as assistance which should
be strong enough to cope with the forces developed by the offshore unit and environment. The
dynamic positioning systems have evolved till 31 generation but these are not fully reliable. In
chapter 1 were presented few possible reasons for failure of this system and therefore loosing
position. Ideally, the position of the drilling unit will take in to consideration also using the
mooring lines made from light and strong polymer lines.

Concerning the equipment to be used for deep water drilling, these are more or less
similar to those used in normal waters with only one exception: subsea equipment and connected
components. The riser system, tensioning system and the BOP are making the difference for this
type of offshore drilling. The raiser system, due to the high water depth is impacted by important
hydrostatic and environmental forces which finally lead to compression, traction, shear and
torque forces acting over the riser column. Naturally, the connected equipment is configured for
deep water operational environment. All these are detailed in chapter 2.

This chapter analyse different components and technical capabilities specific for deep and
ultra-deep water drilling. With regards to the riser column is recommended to use the auto fill
valve in order to keep under control the integrity of the riser joints in case of losing the mud
column. Failure to comply with this will result in damages over the raiser joints due to
hydrostatic pressure.

Depending on the environmental factor of the drilling location, the tensioning system to
be used is either NOV or Shaffer type. A comparative analysis has been made in chapter 2
highlighting positive and negatives of each tensioning system. The analysis concludes that for
calm waters is suitable the NOV type while for harsh environment the Shaffer system can
perform better.



In chapter 3 a short analysis was made with regard to riser mechanics in operation but
also in case of drift off the rig. The main functions of the riser columns are defined along with
the operational connection of the tensioning system in order to fulfil the operational activities as
intended. It was highlighted the importance of alignment of the riser column and the tensioning
system in order to achieve operational success. Moreover, a good correlation of these two
systems can reduce the cyclic loads over the well head system. The study presented in this
chapter is in line with the requirements set forth in API 16Q for these 3 operational phases:

- Dirilling

- Connected

- Disconnected

The forces and tensions resulted at the both ends of the riser column are highlighted in the
simulation performed in chapter 3. In this chapter the riser column is represented as a tube with
high thickness and subject of different loads and tensions like: traction, compression, torque and
shear forces. Therefore, in order to highlight the impact of all these forces, it is recommended to
use von Mises and Tresca relations. However, this chapter shows differences of the mechanical
behaviour of the riser column depending of the water depth.

This chapter is analysing different loads of the riser column depending of different
operational phases as following:
Own weight of the riser column
Loaded with drilling mud
Loaded with sea water

Action of the current in the sea

This ends with a graphical interpretation of the values of the upper and lower flex joints.

The loss of mechanical stability of the riser column has been highlighted and concluded
with the short intervention time available in order to emergency disconnect in case of losing
position. Therefore, the stability and finally the collapse of the riser column is affected also by
the sea condition. The gradual deformation of the column until the final breaking point has been
analysed from operational perspective as well as constructive with implications of the tensioning
system and the telescopic joint.

In chapter 4 is presented an operational simulation of a riser column of 1921 meters. This
simulation has been completed using the Riser Management System of a semisubmersible
drilling rig. This software is produced by Kongsberg Maritime and is currently used in
operations to manage the riser system. This simulation has been confirmed the theoretical results
determined in the previous chapter. Once the operational data has been determined, these have
been used for a fatigue analysis of the well head in order to verify the performance of the system
from this point of view.

For this operational analysis the requirements of API 16Q and API 2RD were used. The
study highlights two construction possibilities: with heavy risers and maximum buoyancy
elements. This chapter contains several operational recommendations for preventing contingency



situations. The structural verification has confirmed the compliance with aforementioned
standards.

The simulation has revealed the range between 0 and 10,5 meters deviation from
horizontal of the riser column depending of the operational phase: connected or disconnected.
One of the intentions of this chapter was to highlight the focus areas during the design of the
riser string for deep and ultra-deep waters. The complexity consists not only from operational
point of view and technical capabilities of the equipment used but also the environmental factor
is an important contributor for successful operations. The equipments used for this type of
drilling are having an increased capacity compared with the ones used for normal waters. In the
first part an analysis was made in order to assess the following factors:

- Environmental
- Technical
- Operational
Each one is analysed and the impact over the drilling operations is emphasised.

With the operational structure defined, this has been verified with regards to the impact
over the well head concerning the fatigue rupture of the well head. The aim of the analysis
performed in chapter 6 is to evaluate the life cycle of the well head. The first evaluation of the
system showed an important impact over the life cycle of the well head; therefore, improvement
solutions were proposed. After a second evaluation of the system, this has improved the life time
of the well head with 53%.

In addition a static and dynamic study was performed in order to highlight those areas
were the tension level is above the average using of finite element method. The graphical
analysis has confirmed the theoretical results determined previously.

Taking in to consideration the complexity of the offshore drilling in high deep waters, a
BOP maintenance program was developed in order to successfully complete the operations in
chapter 6. Hence, in this chapter the importance of a proper preventive maintenance program was
highlighted in order to avoid unfortunate events like the one in the Gulf of Mexico. The
maintenance program proposed in this chapter contains API elements but also operational
experience of the author. This program is not referring only to offshore drilling for deep and
ultra-deep waters but also to HPHT (high pressure high temperature situations) wells.

A short description and evaluation of the Macondo incident was made in chapter 7 and it
was intended to present, based on public documents, the main factors which contributed to this
unfortunate event. The offshore industry has drawn the necessary conclusions which ended up
with the updates of the relevant standards in this area. Although the API 53 has been updated,
still some areas are unclear such as emergency disconnect which was not the subject of this
thesis but can be developed further.

The theme of this thesis has been established in 2009. The author, along with the
scientific supervisor has anticipated the complexity and hazard in this area.

The chapter 8 of this thesis is evaluating the management of well control situations for
deep and ultra-deep waters as well as HPHT (high pressure high temperature situations). In this



regard, personal contributions were made in order to increase the performance and safety of the
drilling operations. Until recently, the drilling of HPHT wells was quite challenging due to the
adverse conditions in the wells which was affecting the equipment used and consequently the
subject of failure down hole. In order to manage such extreme conditions is required that well
control equipment to be maintained in the best technical parameters.

If we are referring to high deep water drilling, the subject of hydrates comes in to the
picture. The probability of such circumstances was evaluated and methods for prevention and
contingency situations were evaluated.

Keywords: BOP, riser system, riser tensioning system, dynamic positioning, riser mechanics,
well head fatigue, deep and ultra-deep water.
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Ing. Claudiu Elvis Petrica Tanasa
Contributii privind sistemul de raizere si de prevenire a eruptiilor in conditiile
forajului in ape adanci si ultra adanci

Forajul marin in ape adanci si ultra adanci presupune elemente operationale si tehnice de
inaltd complexitate tehnica. Standardele referitoare acestui domeniu sunt inca la nivel de
recomandari datoritd multiplelor elemente incerte referitoare la procedurile operationale si
capacitatile tehnice. Tocmai de aceea aceastd tezd intentioneazad sa accentueze si sa
imbunatateascd anumite elemente operationale si tehnice cu privire la forajul marin in ape adanci
si ultra adanci. Este necesar a se cunoaste incd din faza de proiectare a operatiunilor de foraj a
acelor elementelor principale de atentie precum si a solutiilor ce trebuie adoptate pentru
optimizarea si cresterea sigurantei operatiunilor de foraj.

Capitolul 1 prezintd principalele aspecte de mediu si de pozitionare dinamicd ce sunt
relevante In proiectarea spre executie a sondelor marine. Aspectele de mediu influenteaza
activitatea operationald céat si stabilitatea coloanei de raizere. O pozitionare defectuoasd a
elementelor flotoare poate conduce la deplasari necontrolate a platformei de foraj cat si la
deformarea in domeniul plastic a coloanei de raizere. In consecintd, si garnitura de foraj se va
deforma iar acest lucru va avea impact si asupra top drive-ului.

Asa cum s-a mentionat, pozitionarea platformei de foraj pentru ape adanci si ultra adanci
se face exclusiv cu ajutorul pozitiondrii dinamice dar se poate analiza posibilitatea de a ancora
platforma cu ajutorul unor parame din material sintetic rezistente la fortele dezvoltate de
gabaritul platformei cat si in conformitate cu specificul locatiei de desfasurare a operatiunilor.

Sitemele de pozitionare dinamica au evoluat pana la generatia a 3-a dar acestea nu sunt
infailibile. Capitolul 1 prezintd cateva cauze posibile pentru care acest sistem poate genera erori
sau se poate pierde definitiv pozitionarea pe locatie. Modul ideal de operare este in pozitionare
dinamica asistata, dublatd de ancorare cu sufe din materiale usoare si rezistente.

In privinta echipamentelor folosite pentru forajul in ape adanci si ultra adanci, acestea, in
mare parte, sunt similare cu cele folosite pentru ape conventionale cu o singurd exceptie:
echipamentele submersate impreund cu elementele conexe. Coloana de raizere, sistemul de
tensionare precum si ansamblul de prevenitoare de eruptie sunt echipamentele diferite pentru
forajul in ape adanci si ultra adanci. Sistemul de raizere, datorita adancimilor mari de apa este
supus la forte de tractiune si compresiune mari precum si la presiuni hidrostatice specifice
adancimilor mari de apa. Acesta modifica implicit si capacitatea sistemului de tensionare care
trebuie sa fie capabil de a prelua fortele dezvoltate de coloana de raizere. In mod firesc,
echipamentele adiacente care deservesc ansamblul de prevenitoare de eruptie, sunt configurate
special pentru adancimi mari de apa (sistemul de tensionare, coloana de raizere, sistemul de
compensare pe verticala, sistemul de pozitionare dinamica si sistemul de comanda electronica a
ansamblului de prevenitoare de eruptie).Toate acestea sunt detaliate in capitolul 2.



Totodata, acest capitol analizeaza diferitele componente si modul de functionare cu
accente specifice forajului de mare adancime de apa. Specific pentru coloana de raizere se
recomanda folosirea raizerului de umplere pentru tinerea sub control a stabilitatii coloanei de
raizere in cazul pierderii accidentale a coloanei de noroi; acest lucru implica turtirea coloanei de
raizere datoritd presiunii hidrostatice.

In functie de specificul locatiei, se pot folosi sistemele de tensionare Shaffer sau NOV. O
analizd comparativd a acestor sisteme s-a realizat in capitolul 2 facand o sinteaza asupra
avantajelor si dezavantajelor fiecdruia. Analiza concluzioneaza ca in ape agitate sistemul Shaffer
este mai versatil pe cand cel N-line este pretabil apelor mai putin agitate.

Capitolul 3 face o analizd succintd a mecanicii raizerelor in modul operational dar si in
cazul derivei platformei de foraj. Se definesc principalele functii ale coloanei de raizere precum
si interdependenta cu sistemul de tensionare in sensul indeplinirii functiilor proiectate. S-a
evidentiat importanta corelarii coloanei de raizere cu sistemul de tensionare fara de care nu se
pot asigura cu success functiile operationale. Totodatd, o buna armonizare a celor doua sisteme
mentionate, pot contribui la reducerea incarcarilor ciclice la capul de sonda. Studiul prezentat in
acest capitol inglobeaza cerintele operationale prevdazute in API 16Q cu cele 3 moduri de
operare:

- modul foraj;

- modul conectat;

- modul deconectat.

Fortele si tensiunile de la capetele coloanei de raizere sunt evidentiate si analizate iar
valorile tensiunilor au fost determinate experimental in capitolul 3. Acest capitol trateaza coloana
de raizere ca un tub cu pereti grosi suspus la diferite solicitari (tractiune, compresiune, forfecare
si torsiune) dar la lungimi mari se poate trata ca un fir din punct de vedere al solicitarilor
mecanice. Astfel, pentru un calcul al solicitarilor ce afecteaza coloane de raizere, se pot folosi
relatiile von Mises si Tresca. S-a evidentiat faptul ca diferite addncimi de apa afecteaza in mod
distinct coloana de raizere.

Evaluarea coloanei de raizere din acest capitol pune in evidenta diagramele de efort in
diferite faze operationale. Astfel, se ilustreazd impactul coloanei de raizere la diferite Tncarcari,
dupd cum urmeaza:

- greutate proprie

- incarcata cu noroi

- Incarcata cu apa

- actiunea curentilor marini

Totodatd s-au reprezentat grafic oscilatiile coloanei de raizere si tensiunile aplicate la
articulatiile inferioare si superioare.

Pierderea de stabilitate si mecanica coloanei de raizere a fost pusa in evidenta,
concluzionand cu timpul de interventie relativ scurt avut la dispozitie pentru initierea decuplarii
de urgentd. Astfel, stabilitatea si in final, colapsul coloanei de raizere este influentat si de



conditiile meteo. Deformarea graduald a coloanei pana in punctul la care intervinerea ruperea
finala este reprezentat si analizat din punct de vedere operational cat si constructiv cu implicarea
sistemului de tensionare si a raizerului telescopic.

Capitolul 4 realizeazd proiectarea unei coloane de raizere pentru o adancime de 1921
metri. Aceastd simulare a fost realizata folosind un software dedicat (Riser management System)
aflat instalat la bordul unei platforme de foraj semi-submersibile. Acest software, produs de
firma Kongsberg, este folosit curent in operatiuni cu scopul de a proiecta si analiza coloana de
raizere. Aceastd simulare a pus in evidenta tensiunile aplicate coloanei de raizere si a confirmat
datele teoretice realizate la capitolul anterior.

Datele obtinute in urma simularii au oferit suport pentru verificarea la oboseald a capului
de sonda din capitolul 5. Aceasta analiza are la baza cerintele prevazute in API 16Q si API 2RD.
Studil efectuat, evidentiaza doud cazuri posibile constructive: cu raizere grele sau cu numar
maxim de elemente flotoare admis. Valorile tensiunilor rezultate in urma analizei au confirmat
stabilitatea operationald a coloanei de raizere. Totodata capitolul contine o serie de recomandari
operationale pentru a preveni evenimentele nedorite cum ar fi pierderea stabilitatii coloanei de
raizere sau aparitia manifestdrilor eruptive. Verificarea structurala realizatd confirma
conformitatea cu regulile API mentionate mai sus.

Simularea reprezintd grafic abaterile de la orizontald ale coloanei de raizere intr-un
interval cuprins intre 0 si 10,5 metri, functie de modul in care se face analiza: conetctat in foraj
sau deconectat in faza de lansare a ansamblului de prevenitoare de eruptie pe capul de sonda.

Elementele de calcul folosite in acest capitol s-au vrut a demonstra complexitatea
proiectdrii unui sistem de raizere pentru ape adanci si ultra-adanci. Complexitatea acestui tip de
foraj marin nu consta numai in limitele operationale ale echipamentelor existente in industrie la
ora actuald, dar si conditiilor de mediu in care se desfasoara operatiunile de foraj. Echipamentele
folosite pentru aceste adancimi mari de apa sunt de capacitate usor diferita de cele folosite in ape
de adancime medie sau mica.

In prima parte se analizeazi factorii care contribuie la acumularea de tensiuni la capul de
sonda, care se pot rezuma pe scurt la:

- factori de mediu

- factori tehnici

- factori operationali
Fiecare este analizat separat si s-a evaluat impactul fiecaruia in dinamica operationala.

Aviand structura operationalad deja definitd anterior, aceasta este verificatd din punct de
vedere al stabilitatii, Tn sensul mentinerii integritatii capului de sonda pe o perioadd cat mai
indelugata. Verificarea realizatd a confirmat insuficienta performantei sistemului, Drept urmare,
s-au propus metode corective. La o a doua evaluare, masurile corective propuse, au confirmat
prelungirea duratei de viata a capului de sonda cu 53%.

In completare, pentru a verifica regimul de tensiuni la care este supus capul de sonda, s-a
procedat la o analiza static si dinamica a capului de sonda folosind metoda elemetului finit.
Aceasta analizd a confirmat calculul teoretic realizat anterior.



Avand in vedere regimul solicitant de operare a ansamblului de prevenitoare de eruptie,
la capitolul 6 se aduc contributii privind procedurile de mentenantd planificata. Astfel, se
accentueazd importanta folosirii unui program strict de mentenanta si testare astfel incat
evenimente de genul celor petrecute in Golful Mexic sa ramana istorie. Programul de mentenenta
propus in acest capitol contine si elemente din normativele API dar si experienta operationald a
autorului. Acest program nu se refera exclusiv la mentenanta ansamblului de prevenitoare de
eruptie pentru adancimi mari de apa dar contine elemente de atentie pentru forajul sondelor de
presiune si temperatura Tnalta.

Cazul sondei Macondo din Golful mexic este prezentat pe scurt in capitolul 7 si se vrea o
analiza succinta a principlilor factori care au condus la acest nefericit eveniment. Industria de
foraj marin a tras concluziile necesare din acest eveniment iar serai de standarde API referitoare
la procesul de foraj au fost actualizate. Cu toate ca API 53 a fost actualizat pe baza celor
intamplate in 2010 au mai ramas zone inca neclare si in special cele referitoare la deconctarea de
urgenta pentru forajul sondelor in ape adanci si ultra adanci iar aceastd zona nu face obiectul
lucarii de fata dar cu sigurantd se va dezvolta ulterior.

Tema acestei lucrari a fost stabilitd in anul 2009. Autorul acestei teze impreund cu
conducdtorul stiitific au sesizat anterior evenimentului complexitatea si pericolele forajului in
ape adanci si ultra adanci.

Capitolul 8 al acesteu lucrari evalueaza managementul principalelor echipamente in cazul
unor sonde de temperature si presiuni inalte. Aceste date operationale, combinate cu o adancime
mare de apid pot rezulta in evenimente nedorite ca acela din Golful Mexic. In acest sens
contributii personale au fost aduse in acest capitol in sensul cresterii performantei acestor
achipamente la care se face referire. Pdna de curdnd aceste zone petrolifere erau dificil de
explorat si exploatat datoritd limitarilor tehnice ale echipamentelor. Pentru a manageria
temperaturi de pand la 180 de grade Celsius si presiuni in jurul valorilor de 900 bari trebuie ca
echipamentele cat si procedurile operationale sa fie la standard inalte.

Daca vorbim de ape adanci si ultra adanci, implicit apare problema hidratilor.
Probabilitatea aparitiei acestora este mare datoritd presiunilor mari si a temperaturilor scazute.
Metode de prevenire si combatere a hidratilor au fost dezvoltate in acest capitol.

Cuvinte cheie: ansamblu de prevenitoare de eruptie, system de raizere, system de tensionare a
raizerului, pozitionare dinamica, mecanica raizerelor, ruperea prin oboseala a capului de sonda,
ape adanci si ultra adanci.
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