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The article presents an analysis of the realities faced by the operators in the oil industry,
but especially the operators in the exploitation of the risers. Oil industry operators are focusing
on drilling offshore wells to very deep water depths, as there are significant oil and gas
resources that ensure high production. This analysis refers to the establishment of limit
conditions that occur during drilling operations. We call this complex of factors the mechanics
of riser. The article also refers to establishing the way of working in accordance with the API
recommendations in force and obtaining theoretical results for offshore drilling in deep water.
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These results are the starting point for simulation with the help of specialized software and
obtaining results useful for the exploitation of risers in drilling wells in deep water. Drilling
activity in deep water can only be done with dynamically positioned platforms, such as semi-
submersibles platforms and drillship.

KEY WORDS: very deep water, oil, gas, riser system, marine currents, pressure,
temperature, effort, wave.

OCOBEHHOCTU BYPEHUSA MOPCKUX HE®TAHbBIX U TA30BbIX
CKBAXXWH HA YYACTKAX C O4EHb IN/TYBOKOU BOIOU

B cmambe npedcmasneH aHanus peanutl, C KOmopbIMU CMasnkuearmcsi ornepamopbi He-
msHOU ompacsiu, Ho 0cCobeHHO orepamopbi IKCTyamauyuu patsepa. Onepamopbl HegpmsHOU
ompacsiu cocpedomoyeHbl Ha BypeHUU MOPCKUX CK8aXKUH Ha OYeHb 2/Tyb60oKue arlyOuHbI, MOCKONbLKY
umeromcs 3Ha4umersibHble 3anackl Heghmu u 2a3a, Komopble obecrieqyugarom 8bICOKYH 006bIYY.
Omom aHanus omHocUMCcsi K ycmaHoereHur npedesibHbIX yCriosull, KOmopble 803HUKaOM 80 8pe-
Ms1 Bypoebix pabom. Mbl Ha3bieaem 3mom KOMIIIEKC ghakmopoe MexaHuKoU patizepa. B cmambe
makxxe 2ogopumcsi 06 ycmaHoeneHuu criocoba pabomsi 8 coomeemcmeuu ¢ delicmayrouwumu
pekomeHOayuamu API u nony4eHUU meopemuyeckux pe3dyribmamos 01151 MOPCKO20 bypeHusi 8 2y-
bokoli ode. Omu pe3ynbmamal 6SIHOMCS 0mMpasHoU moykol Ot ModenuposaHusi ¢ MOMOUbIO
creyuanu3uposaHHoO20 MpospamMmMHO20 0becrnedeHus U MomyYeHUs1 pe3yibmamos, none3Hbix 0rsi
aKcrnyamayuu pelizepos npu 6ypeHuuU ckeaxuH 8 arybokux eodax. bypeHue 8 arybokol eode
MOXem ocyuecmerisimbsCsi MosibKO Ha OUHaMUYECKU PaconOXeHHbIX nnamgopmax, makux Kak
rornynoepyxHnie U 6yposbie yCmaHOoBKU.

KJTIOYEBBIE CJIOBA: o4eHb ariybokasi 00a, Hechmb, 2as, epmukarnbHasi cucmema, Mop-
CKue meyeHusi, 0asrneHue, memrepamypa, ycunue, eosHa.

CYbl ©TE TEPEH AYMAKTAPOA M¥HAM YXOHE A3
¥HFbIMAJIAPbLIH B¥PFbIJIAY EPEKLUENIKTEPI

Makanada myHali canacbiHOarbl oriepamopriapobiH, acipece paduamopnapOb! natidanaHydarbl
onepamopnap0ObiH Ke3-KemeeH xardalibiHa manday xacandbl. MyHal eHepkacibiHiH ornepamoprnapbl
MeHi3 yHFbiMarapbiH byprbinayra cyOblH mepeH mepeHdieiH 6ypyra Ha3ap aydapalbl, 6UmKeHi
JKoFapbl 6HOipydi Kammamachki3 ememiH MaHbi30bl MyHal-2a3 pecypcmapsi bap. byn manday
byprbinay xymbicmapbl Ke3iHOe natida bornamsbiH wekmi xardalnapobi b6enzineyze kambicmabi. bi3
by chakmopnap KeweHiH KyJiki MexaHukacbl dern amalimbi3. Makanada coHOal-aK KorndaHbicmarbl
API ycbiHbicmapbiHa calKec XyMbIC 80iCiH Kypy XoHe mepeH cynapda meHizoe byprbinay ywiH
meopusinibiK HomuXernep any myparnsi aimsbiiraH. byn Homuxenep mamaHOaHObIpbiniFaH bardapna-
marbiKk Kammamachi30aHObipyObiH KemeziMeH MooeribdeydiH xoHe mepeH cynapdarbl yHFbIManapobl
byprbinay kesiHOe meliisdepdi natidanaHy ywiH naddarnsl Homuxernep anyObiH bacmarkbl Hykmeci
6onbin mabbinadel. TepeH cylarbl byprbinay apekemi mek xapmabinal cy acmbl xoHe byprbiiay
KOHObIpFbIIaphbl CUSIKMbI QUHaMUKasbIK OpHanackaH ninamegopmanapMeH xy3eae acbipbliaobi.

TYWIH CO3/[EP: mepeH cy, myHal, 2as, cy Xxyuleci, meHi3 arbiIMAaphbl, KbiICbiM, memMrepa-
mypa, Kyw, moJiKbiH.
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1. INTRODUCTION

The offshore oil industry, hoses and risers are made with polymers with internal and
external coatings, which provides fluid flow through the inner and outer insulation in rela-
tion to the marine environment. These polymers have a certain permeability to gas that can
facilitate the reduction of the potential damage mechanisms of the life of the steel layers
located between the pipe and the outer shell of polymer. The destruction mechanisms
associated with water condensation, therefore, they must be removed.

This presentation describes a model used to study gas diffusion through layers of
flexible pipes by time. The temperature gradient pipe is considered as temperature depend-
ent permeability rates. This model is coupled with a calculation that indicate changes in
pressure and volume of vapors resulting in the annular space. Associated mathematical
models and methods for solving the results obtained are presented in Math CAD with a
user-friendly interface that helps in data entry and processing results.

In this article will show the possibilities of this software.

2. OPERATING ENVIRONMENT FOR RISER PRODUCTION

A significant volume of oil resources is stationed in areas in deep water and very deep,
the depth limit of the current work. The rapid development of methods for exploration
and production in deep waters, registered in the last decade concludes that, once reached
a record operating in deep water, it is immediately overcome.

They are considered deep water activity in terms of oil, waters deeper than 400 m;
1500 m is considered very deep water (over 1600 m after MMS — Mineral Management
Service, USA).

First of all, there are many types of offshore rigs, from example Figure I illustration
shows just three main categories [1].

Oil industry operators are turning to large water depths, because there are significant
resources that ensure high yields. Some oil wells in these areas can produce 8000 m*/day
crude oil production justifying additional costs and risk.

From example, projects operating from premises situated in water depths of 2000 m
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fig. 1. — Types of offshore ries [1]
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in the Gulf of Mexico, Brazil and West Africa Offshore were unimaginable not long ago.
A large number of wells have been drilled at depths of water; record of 10,400 ft (3,174
m) was passed in February 2013 in the Indian Ocean.

The most important aspects in production wells located in deep water depths are
related to very water, but also on the bottom, the hostile environment in which it operates:

*  Waves 30 meters high;

*  Winds exceeding 80 knots (148.2 km/h);

* Low air temperatures: -15°C;

* Sea water temperature: 0°C;

*  Marine currents 3 knots (5.5 km/h).

Very deep water development systems in addition to the developing technologies for
exploration and production of oil and natural gas, new concepts in deep water systems
and facilities have emerged to make very deep water projects a reality (see Figure 2) [2].

With wells being drilled in water depths of 10,000 feet, the traditional fixed offshore
platform is being replaced by state-of-the-art deep water production facilities.

SPAR Platform (SPAR) consists of a large diameter single vertical cylinder supporting
a deck. It has a typical fixed platform topside (surface deck with drilling and production
equipment), three types of risers (production, drilling, and export), and a hull which is
moored using a taut caternary system of six to twenty lines anchored into the seafloor.
SPAR’s are presently used in water depths up to 3,000 feet, although existing technology
can extend its use to water depths as great as 7,500 feet.

Floating Production System (FPS) consists of a semi-submersible unit which is
equipped with drilling and production equipment. It is anchored in place with wire rope

Subsoa System

fig. 2. — Floating production and subsea systems [2]

Sotrees: BOEM
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and chain, or can be dynamically positioned using rotating thrusters. Production from
subsea wells is transported to the surface deck through production risers designed to ac-
commodate platform motion. The FPS can be used in very deep water.

Subsea System (SS) ranges from single subsea wells producing to a nearby platform,
FPS, or TLP to multiple wells producing through a manifold and pipeline system to a
distant production facility. These systems are presently used in water depths greater than
5,000 feet.

Floating Production, Storage & Offloading System (FPSO) consists of a large tanker
type vessel moored to the seafloor. An FPSO is designed to process and stow production
from nearby subsea wells and to periodically offload the stored oil to a smaller shuttle
tanker. The shuttle tanker then transports the oil to an onshore facility for further process-
ing. An FPSO may be suited for marginally economic fields located in remote deep water
areas where a pipeline infrastructure does not exist.

SPARs Platforms (SP), Floating Production Systems (FPS), Subsea Systems (SS)
and Floating Production, Storage and Offloading systems (FPSO) are now being used
offshore drilling in water depths exceeding 1,500 feet.

All of these systems are proven technology, and in use in offshore production world-
wide.

3. FLEXIBLE PIPES, FLEXIBLE RISERS AND HYBRID RISER SYSTEM

3.1. Flexible pipes

While flexible pipe usage has spread in the oil industry during recent years, upstream
petroleum engineers, generally, view it as a tool that in some few instances can save time
or money [3].

Flexible pipe today may hold the key to overcoming one of offshore drilling’s greatest
very deep water hurdles caused by the close proximity of fracture gradient and pore pres-
sure in very deep water (see Figure 3). Beyond about 7,500 feet waters, this phenomenon
makes traditional well control all but impossible because, simply put, mud sufficiently

fig. 3. — Typical flexible pipe structure [3]
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heavy to contain formation pore pressure is also very nearly sufficiently heavy to fracture
it and one fluctuation will indeed do that.

Flexible pipe holds two very strong attractions as risers for floaters. First it is con-
siderably lighter than rigid pipe and is neutrally buoyant. That means the vessel’s limited
space and buoyancy capabilities can be used for storage capacity or topsides processing
facilities rather than to support thousands of feet of heavy steel pipe.

3.2. Flexible risers

Composed of multiple spiral laid materials as shown in Figure 4, the flexible riser
demonstrates excellent bending capacity while still possessing exceptional strength, mak-
ing it extremely versatile with regards to application. Originally designed for flowline
applications between vessels, the flexible riser has gained popularity in deep water due
to its ability to withstand significant dynamic environments making it an excellent choice
for harsh sea conditions [3].

Tits pressure

fig. 4. — Topical flexible riser structure [3]

The ability to be wet stored (material choice permitting) prior to installation also
proves a benefit of the flexible pipe in that it allows for schedule flexibility during an
offshore installation campaign.

3.3. Hybrid Riser System

A top tensioned riser and hybrid riser tower, in Figure 5, is a vertically oriented riser
(either flexible or steel pipe) commonly associated with tension leg platforms and spars.
Utilizing buoyancy cans or hydro-pneumatic tensioners, large tensile forces are placed on
the riser holding it in position for production. By utilizing such top tensioning devices,
the risers are allowed to axially translate, or stroke, with respect to the platform motions.

There are a number of configurations for flexible risers, including the "steep S” and
"lazy S" that utilize anchored buoyancy modules, as well as the steep wave and lazy wave
that incorporates buoyancy modules.

A hybrid riser system that can accommodate a number of different situations, flex-
ible risers can withstand both vertical and horizontal movement, making them ideal for
use with floating facilities. This flexible pipe was originally used to connect production
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Sursa: wirw_2hoffshore com

fig. 5. — Hybrid Riser System [4]

equipment aboard a floating facility to production and export risers, but now it is found
as a primary riser solution as well [4].

Flexible risers manufactured from composites help to reset the equation, providing
the required structural capacity without the weight gain.

With recent advances in composite materials and the extreme requirements of very
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fig. 6. — Topical drilling riser system and its sub-systems and components [5]
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deep water, however, flexible riser and flexible pipe may soon be recognized as an ena-
bling technology rather than a convenient innovation.

In Figure 6 is represented one typical drilling riser system and its sub-systems and
components.

Successful exploitation of the majority of floating production systems (rig system,
riser tensioning system, drilling riser system, and well system) depends on good per-
formance, systems dynamic flexible riser. The limits are consistently for wave, marine
currents, higher pressures and higher temperatures (HPHT) for very deep waters, leading
to increasing demands on the performance of pipe components.

The length of the riser is dependent on water depth and configuration of the column,
which may be vertical or a variation waveform. Derivatives may be flexible or rigid and
contained in the operating area of a fixed or floating platform installation type.

4. THE STRUCTURE, THE DESIGN SPECIFICATIONS
AND THE SELECTION CRITERIA OF THE RISER [6]

Unbonded flexible pipes over the last 30 years were a key component in the produc-
tion of oil and gas offshore. They represent an alternative to rigid steel pipes where they
have the advantage of a quick installation and the potential adaptation for schimbaride
route. These benefits often make unbonded flexible pipes, a more economic solution than
rigid steel pipes.

Layers of steel materials are decisive for their behavior in acidic environments static
and dynamic applications.

Unbonded flexible pipe structure requires that the steel is in direct contact with the
fluid product. The medium is determined by permeation of small molecules (mainly H,O,
CO,, H, and CH,) by lining the polymer. Predictions therefore operating environment is
a key issue for the prediction, design and service life of flexible pipes.

Unbonded flexible pipes are made of concentric layers of polymer material and steel.
In order to preserve the flexibility of the construction of the pipe layers are not bonded
together. Different types of flexible unbonded pipe may omit some of the layers.

The riser column is a complex construction aimed to ensure the connection between
the well head and the drilling unit. The functions of this assembly are complex and are
not limited only to ensure the space necessary for cuttings removal from the well. As the
water depth increases, the working conditions of this assembly becomes challenging due
to the complex forces and extreme environmental conditions which are impacting the
operational mode as well as the stability.

4.1. Structure — General items [6]

In Figure 7 is presented in the most general description of each of the major layers.

Therefore,

External thermoplastic sheath (a layer of extruded polymer) function is to protect steel
components pipe from the outside (often seawater) and to provide mechanical protection.

Pressure armour layer:

A number of layers composed of helically wound wire form C of steel and/or metal
strips. The layers of reinforcement provide resistance to radial loads.
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External thermoplastic
sheath

Pressure armor layer

Steel carcass

Inner thermoplastic sheath
Helical armor layers

fig. 7. — Structure-General items [0]

Steel Carcass:

An interlocking layer made of a stainless steel strip. The casing prevents the collapse
of the inner hull and provides mechanical protection against gear (pigging) and abrasive
particles. Quality stainless steel structure is studied in detail, but is outside the scope of
this paper research.

Inner thermoplastic sheth:

A polymer layer extruded ensure the integrity of the internal fluid. Common types of
polymers are polyethylene (PE), cross-linked polyethylene (XLPE), polyamide 11 (PA11)
and Polyvinilien fluoride (PVDF).

Fittings traction:

A number of structural layers consisting of helically wound flat steel wire. Layers are
against and wrapped in pairs. The layers provide resistance to axial loads.

4.2. Design specifications [6]

The annulus of flexible conduit, armored steel wires are located in specific geometric
conditions: gap between armor is very small relative to the surface of steel wires (0.03
<V/S <0.06 ml/cm?).

If the annular free space can be filled with seawater or condensation, corrosion con-
ditions are limited due to report confinement (V/S) between volume (V) electrolyte and
exposed surface (S) steel wires.

It is important to continuously improve performance to meet flexible pipe production
in oil and gas operating conditions increasingly severe. This means that attention is turning
to the design principles applied by the performance characteristics of the materials used
(especially polymers) and the means of production.

Pressure polymer layer is an important component in the construction of pipelines to
make flexible function pipeline leak resistance. A resin designed to be user is introduced
as a barrier to isolate the high pressure hoses temperature/high pressure (see Figure §8).

The resin is finally selected a modified PVDF hpolimer. Material characterization was
conducted entirely in compliance with applicable API standard. It confirmed the excellent
behavior of mechanical strength, chemical, aging resistance, dimensional stability and
low fluaju compatible with performance requirements.

Flexible pipes are composed of a succession of layers and layers of thermoplastic
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1. Carcass

An interlocking structure
manufactured form a metallic
strip. The carcass prevents
collapse of the inner liner and
provides mechanical protection
against pigging tools and abrasive
particles.

2. Inner liner

An extruded polymer layer
providing internal fluid integrity.
3. Pressure armour

A number of structural layers
consisting of helically wound
C-shaped metallic wires and/

or metallic strips. The pressue
armour layers provide resistance
to radial loads.

4. Tensile armour

A number of structural layers
consisting of helically wound flat
metallic wires. The layers are
counter wound in pairs. The tensile
armour layers provide resistance
to axial tension loads.

5. Outer sheath

fig. 8. — The structure ofa 3exible pipe element [6]

extrusions steel/armored spiral (see figure below), each layer being designed to with-
stand a specific charge. The combination of the water or sea water, CO, and H,S gases
resulting infiltrated in a corrosive environment can cause stress corrosion cracking,
hydrogen-induced cracking, pitting, general corrosion, or in the dynamic risers, to
corrosion fatigue.

An important aspect which has to be taken in to consideration during this design stage
is the determination of the optimal weight of the riser column in the water. As a matter
of fact, the correct assessment of the buoyancy elements and correct positioning of those
can ensure an optimal stability of the riser column. A neutral position can be obtained
in order to achieve a reduction of the top tension as this is important for the tensioning
system. However, there is a down side in this scenario: the lower tension can increase
and this will result in overloading the well head.

The riser column can be considered a tube with high thickness walls which is impacted
by different type of loads (for example, shear forces, compression etc.)

The forces acting over the riser column can be evaluated by using Tresca & Von Mises
relations and the result have to comply with acceptable limits of the materials composing
the riser column [7].

Tresca criterion, also named the maximum shear stress criterion. It states that yield-
ing will begin when the

maximum shear stress at a point is equal to the stress at yield when subjected to
uniaxial tension or compression. For plastics, the yield strength in compression is often
a lot higher than the yield strength in tension.

Von Mises stress criterion, also named the distortional energy density criterion states
that “yielding begins when the distortional strain energy density at a point equals to the
distortional strain energy density at yield in uniaxial stress”. Meaning if the energy that
is resulting in a volumetric change and shear in a body is too high, the element will fail.
This way to look at stress will consider the volumetric change in the body.
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In three dimensions the Tresca and Von Mises yield surfaces will shape a hexagonal
and a cylinder,
both with direction (see Figure 9).

01
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fig. 9. — Tresca and Von Mise 3D curves, applied tor a riser section [7]

With hydrostatic axis as center where all principal stresses are the same. The devia-
toric (effective) face or m-plane is angle 90° on the hydrostatic axis (n-plane is the face
where the sum of all the principal stresses are zero).

Moreover, the requirements for the top and lower tension must be verified in order to
ensure the riser column stability for all operational phases, emergency situations included.
As first step in this direction should include stability verification of the riser column to-
wards limit conditions which may comprise of:

*  Maximum water depth

*  Maximum mud density

*  Environmental conditions in connected mode

Moving forward, if the first condition has been fulfilled, the vertical deviation of the
riser column must checked against requirements as well as fulfilling safety operational
conditions, regardless the factors which may affect this. The API 2RD recommends a
structural and dynamic analysis of the riser column if is considered that the operational
environment impose further risk increase. Special simulations will be completed with a
dedicated software, usually installed onboard the drilling units, in order to evaluate the
vertical deviations of the riser column.

4.3. Challenges related to optimization design

Design challenges related to the use of flexible pipes in deep water are well known
(ISO 13628-11). Thus, some of them listed below:

* The outside diameter greater because of the level high isolation;

* Increased resistance on:
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- Hydrostatic pressure;

- Breaking fatigue;

- Torsion and compression.

*  The mechanical properties suitable working arrangements.

The very deep water challenges are the high hydrostatic pressure, prediction of riser
loads and response, flow assurance, increased top-tension, and designing for economical
installation. For drilling, an additional challenge is the ability of the formation to withstand
pressure from the enormous weight of mud in the riser.

It should be pointed out that the presence of the two coatings of plastic on top of the
insulation slows down the process of condensation of vapor in the annular space and thus
reduce the water content condensed. The amount of water accumulated in the annular steel
ring fused generates a CO, partial pressure of H,S in the armature respectively.

Factors influencing the integrity and life of:

a) INTERIOR factors affecting the integrity riser:

» Fatigue fracture of steel casing deformation housing;

* Aging in action chemical factors temperature water;

« Diffusion in the annular space of H,S/CO,;

e Influence of thermal variation;

» Fatigue protective coatings;

*  The formation of hydrates;

*  Erosion.

b) EXTERNAL factors affecting the integrity riser:

*  Wear resulting from the interaction with the plant surface and submerged con-

structive elements;

* Deterioration protective outer covering;

* Interacting with other lines submerged;

e Normal wear constructive materials;

*  Hydrogen cracks action;

e Corrosion;

The riser survey demonstrated that riser contractors are actively engaged in design
and development of a variety of innovative, robust, and competitive new riser systems,
as well as improving the existing systems.

Riser solutions have evolved to the point that the challenge now is how to select the
best riser solution for the application

5. ACTION OF DIFFERENT FORCES OVER THE RISER COLUMN

The riser column can be represented as a beam connected at both ends with a spher+
cal articulation. The various axis movement of the drilling platform are compensated
by dedicated equipment (telescopic riser, upper flex joint and tensioner ring) in order to
maintain the drilling unit on the position. The linear weight of the riser is the difference
between the linear weights of the joint in water minus the linear thrust exerted through
the thrust collar by the buoyancy elements that are dressing it.

The internal pressure generated locally by the mud column is equal to the mud specific
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gravity multiplied by the local column height. The external pressure generated locally by
the sea water is equal to the sea water specific gravity multiplied by the local water depth.
It has to be noted that what acts against the walls of the riser joints is the local difference
in between the above two terms [8].

In the usual case of a riser string full of mud, the higher the mud weight & the water
depth, the higher the differential pressure on the bottom that tends to “inflate” the joints
generating hoop stress.

Should the riser for any reason be partially empty (mud heavy losses due to weak
down hole formation), the riser wall would be subject to the external pressure only in
the void zone.

The hydrodynamic forces of the waves will impact the riser column on the upper part
and this is evaluated with MOJS equations (Morison, O’Brien, Johnson and Schaaf) [8].

The resistance of the riser column in to the water due to the oscillations is propor-
tional with:

* A drag coefficient (friction, wake and added mass);

* The density of the sea water;

»  The cross section of the riser string.

This approach is valid only if the current value is up to two knots. If this value is
exceeded, the vortex phenomenon occurs, which generate vibrations in combination with
the wave movement. The transversal vibrations are depending on the value of the tensions
which are propagating along the riser column.

In Figure 10 is represented actions of the different forces (internal and external) over
to which the riser column is subjected: the action of waves; the action of marine currents;
the own weight of the riser column; the differential pressure of seawater and mud column,
and, the upper and lower tension.

A riser system is much more than just a pipe. Design of a riser system for very deep
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fig. 10. — Tresca and Von Mise 3D curves, applied tor a riser section [7]
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water is a complex iterative multi-discipline process, with many variables. Depending
on field layouts, vessel interfaces, fluid properties, and environmental conditions, a riser
system is engineered for each particular application supported by prerequisite analysis,
material, and testing pre-qualification [9].

If those conditions are exceeding the acceptable operational limitations the tension-
ing system can be affected with consequences over the integrity of composed elements.

A preventive measure is to reduce the top tension for a short period of time awaiting
the normal operational parameters to be reinstalled.

If those conditions are exceeding the acceptable operational limitations the tension-
ing system can be affected with consequences over the integrity of composed elements.

A preventive measure is to reduce the top tension for a short period of time awaiting
the normal operational parameters to be reinstalled.

Another possibility to reduce the wave or currents influence is to modify the posi-
tioning of the drilling unit but keeping under control the lower angle of the riser column.
The resulted position is meant to keep under control all parameters which may impact
the vertical positioning of the riser column which is in fact the mission of the riser man
agement system.

According with aforementioned it is obvious that old methods for keeping the drilling
unit on position no long apply. Nowadays, it’s unthinkable to run drilling operations in
very deep waters without the support of an advanced raiser management system which
automatically adjust all operational parameters in order to maintain the integrity of the
riser column as well as safety of the drilling operations. If the well head can be consid-
ered somehow rigid with regards to the BOP this no longer apply. Depending on the soil
characteristics as well as the quality of the cement job for the upper section of the well,
the BOP can oscillate with a range between 0-2° during drilling operations which may
cause damages to the drilling equipment as well as increasing the cyclic loads over the
well head which will end up with the final fatigue rupture.

The design length of the raiser column is influenced by the environmental conditions
by means of the horizontal movement of the drilling unit but also is related with the stroke
of the telescopic joint.

During the design stage of the riser column for a given location, the worst case sce-
nario has to be taken in to consideration.

Also, it is recommended to reduce as much as possible the lower flex joint angle
trough the positioning system of the drilling unit. Any uncontrolled movement generated
by the environmental conditions can generate additional stress over the riser column and
finally will impact the well head which can be exposed for early fatigue rupture. Due to
the fact that the lower and upper flex joint are not design to absorb the axial movement
of the drilling unit these tensions, somehow will impact the tensioning ring and finally,
these excessive loads, will impact the tensioning system as well.

Finally, the best way to manage efficiently the riser column, is to keep the position-
ing of the drilling unit under control within the operational parameters established before
starting the drilling program and especially design for a given location with an adequate
top tension and this is the big challenge.

2a)
0
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6. CONCLUSION

Over the past few years, commercial pressures have come together in something of
a perfect storm, so, oil and gas operators are oriented for very deep waters in a bid to
sustain production, which equates to higher operating pressures and larger diameter pipe.

However, adding more steel can be expensive and, with the days of long over, it is
necessary to find an alternative; one in which total installed cost is a fraction of what it
was a couple of years ago.

This article proposes an analysis over the operational conditions encountered dur-
ing drilling operations. The analysis refers to those factors which are impacting the riser
column stability during operations. The results of these factors over the riser column are
called riser mechanics. Thus, the objective of the work analyse to which extent the riser
column fulfils the applicable API recommendations in force and obtaining theoretical
results in this regard for drilling in very deep waters.

The riser column is a complex construction aimed to ensure the connection between
the well head and the drilling unit. Evident and, the functions of this assembly are com-
plex and are not limited only to ensure the space necessary for cuttings removal from
the well. As the water depth increases, the working conditions of this assembly becomes
challenging due to the complex forces and extreme environmental conditions which are
impacting the operational mode as well as the stability.

The systems hybrid risers would bring about a more cost effective, technical solutions,
and higher productivity providing access to deeper field developments.

Weight and cost savings, as well helping to expand the pressure envelope for ap-
plications greater than 15Ksi, the value offered by a shift to non-metallic components in
flexible risers will be recognized in multiple areas, most notably:

In very deep water conditions, oil and gas operators want to extend the flexible riser
capabilities to larger diameters and higher working pressures — driving the steel content of
the cross-section higher, in a spiral of weight inflation. By smart substitution of compos-
ite materials, we can reset this pattern, entering a design cycle of positive optimization.
Reducing pipe weight means we can load larger volumes on each reel, with fewer vessel
transits to port required during an installation campaign.

This paradigm shift also allows the reduction, or in some cases elimination, of buoy-
ancy modules which are required to offset riser weight, meaning that we can facilitate
faster offshore installation times, lighter installation vessels, a simpler riser configuration
in the water column and overall installed cost savings in the order of 20%.

Integrity management strategies adopted in today’s standards and guidelines are
in general risk based. The need for follow-up and monitoring of the pipe over its entire
lifetime is acknowledged and becoming universally accepted.

The main motivation for a comprehensive integrity management of flexible pipes is to
ensure safe and cost effective operation of flexible pipes. Replacement of a pipe is costly,
and failure of a flexible pipe may potentially be catastrophic with large economic impact.

Risers, flowlines, fluid transfer lines and jumpers are critical to offshore oil and gas
production systems. They are subject to extreme temperatures, pressures, physical stresses
and corrosive materials — yet must still ensure reliable connections and optimal product flow.
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As offshore and subsea developments move into very deeper waters, flexible pipe
is highly versatile, in some circumstances it is the only suitable technology available. @
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