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Abstract. This article aims to provide a general overwiev from operational side with 
regards to riser mechanics. It is  utmost important to understand the movement of the 
riser string in the view of taking the right deciusion in  case of losing platform's 
position and therefore the decision for emergency disconnect. Any company operating 
in deep and ultra-deep wters needs to set up the decidion tree in order to safely 
disconnect and secure the well. The consequences of any miscommunication within 
an emergency situation can lead to catastrophic consequences. In the next pages an 
attempt will be made in order to simulate the riser string behavior given certain 
circumstances. Of course, this will vary from case to case depending on particular 
situations such as: environmental conditions, technical specifications of the vessel, the 
setup of riser system etc. 
Keywords: riser; platform's; stress; API design. 

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 relation 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 
dependent 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 
MathCAD with a user-friendly interface that helps in data entry and processing results. 

In this presentation will show the possibilities of this software. 



8  EMERG 5 – 2017 N. N. ANTONESCU, M. STAN, V. TUDORACHE, C. TANASA 

 

OPERATING ENVIRONMENT FOR RISERS  
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 deepwater activity in terms of oil, waters deeper than 
400 m; 1500 m is considered ultra deep water (over 1600 m after MMS - Mineral 
Management Service, USA). 

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 m3/day crude oil production justifying additional costs and risk. 

Projects operating from premises situated in water depths of 2000 m in the Gulf 
of Mexico, Brazil and West Africa Offsore were unimaginable not long ago. A large 
number of wells have been drilled at depths of water; record of 10400 ft (3174 m) 
was passed in February 2013 in the Indian Ocean. 

 
 

 

 
 
 
 
 
 
 

Fig. 1. Deepwater 
Development Systems DDS). 

 
 
 
 
 
 
 

 

The most important aspects in production wells located in deep water depths are 
related to high 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). 
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FLEXIBLE PIPES AND PRODUCTION RISERS  

Composed of multiple spiral laid materials as shown in figure 2 (a), the 
flexible riser demonstrates excellent bending capacity while still possessing 
exceptional strength, making 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. 

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. 

A top tensioned riser and hybrid riser tower, in figure 2 (d), 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 platforms motions. 

 

 
 

Fig. 2. Flexible pipes and production risers 
(http://www.gateinc.com/gatekeeper/gat2004-gkp-2015-02). 

EXPLOITATION OF MARINE OIL AND GAS 

Column production or production riser, in figure 3, is the portion that lies 
between the host plant surface and the seabed near the home of an installation 
depth. Discharge sizes are from 3 to 12 in (76.2 mm to 304.8) in diameter. The 
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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. 

 

 
 

Fig. 3. The production lines offshore. 
(http://www.gateinc.com/gatekeeper/gat2004-gkp-2015-02) 

STRUCTURE 

Unbonded flexible pipes over the last 30 years were a key component in the 
production 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 schimbăride route. These benefits often make unbonded flexible pipes, a more 
economic solution than rigid steel pipes. 

Successful exploitation of the majority of floating production systems depends 
on good performance systems dynamic flexible riser or jumper. The limits are 
consistently higher pressures and higher temperatures for deep waters, leading to 
increasing demands on the performance of pipe components. 

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 
H2O, CO2, H2 and CH4) by lining the polymer. Predictions therefore operating 
environment is a key issue for the prediction, design and service life of flexible pipes. 
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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. The following figure shows a typical cross section of a flexible layers 
depicting typical. Different types of flexible unbonded pipe may omit some of the 
layers. 

It is presented in the most general description of each of the major layers. 

STRUCTURE - GENERAL ITEMS 

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. 

Ineer 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). 

Pressure armour layer. A number of layers composed of helically wound wire 
form C of steel and / or metal strips. The layers of reinforcement provides 
resistance to radial loads. 

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. External thermoplastic Sheth (a layer of extruded polymer) 
function is to protect steel components pipe from the outside (often seawater) and 
to provide mechanical protection (figure 4). 

 

 
 

Fig. 4. Structure General. 

DESIGN SPECIFICATIONS 

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 / cm2). 
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If the annular free space can be filled with seawater or condensation, corrosion 
conditions 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 (figure 5). A resin 
designed to be user is introduced as a barrier to isolate the high pressure hoses 
temperature / high pressure. 

 

 
 

Fig. 5. Flexible pipes. 
 

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 
extrusions steel / armored spiral (see figure below), each layer being designed to 
withstand a specific charge. The figure below shows the structure of a pipe element. 
The combination of the water or sea water, CO2 and H2S 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. 
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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: 

– hydrostatic pressure; 
– breaking fatigue; 
– torsion and compression; 

 the mechanical properties suitable working arrangements. 
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 CO2 partial pressure of H2S 
in the armature respectively. 

 

 
 

Fig. 6. Components of riser production. 

FACTORS INFLUENCING THE INTEGRITY AND LIFE 

INTERIOR factors affecting the integrity riser; 
 fatigue fracture of steel casing deformation housing; 
 erosion; 
 influence of thermal variation; 
 aging in action chemical factors temperature water; 
 diffusion in the annular space of H2S / CO2; 
 fatigue protective coatings; 
 the formation of hydrates. 
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EXTERNAL factors affecting the integrity riser 
 wear resulting from the interaction with the plant surface and submerged 

constructive elements; 
 normal wear constructive materials; 
 interacting with other lines submerged; 
 deterioration protective outer covering; 
 corrosion; 
 hydrogen cracks action. 

GAS DIFFUSION 

Gas diffusion through, the layers of plastic, mainly CH4, CO2 or H2O, in figure 7, 
is determined using the partial pressures or more fugacity. In this case, determining 
the composition of the fluid in the pipe annulus versus time consider the following 
issues: permeation through the layers of thermoplastic coatings components. The 
conclusion consists in finding a way to vent gases from the annular space to 
atmospheric pressure. 

 

 
 

Fig. 7. Gas diffusion through the layers. 

GAS DIFFUSION – PERMEABILITY 

It is well known that polymeric materials can be regarded as watertight only to 
a certain extent. With a difference of partial pressure of a fluid in a polymer 
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membrane (liner), in figure 8, will result in higher penetration fluids pressure to low 
pressure. The mechanisms of permeation polymers are outside the scope of this 
work are described extensively in the literature. Flexible pipe, coatings 
characterized by migration of gas permeability inside the pipe and the outer casing 
annulus. The offshore oil and gas production of molecules of interest are significant 
and methane (CH4), carbon dioxide (CO2), hydrogen sulfide (H2S) and water (H2O). 
Manufacturing companies realized research programs in order to determine the 
characteristic phenomenon of diffusion constants: permeability diffusion 
coefficient, solubility, the polymers used as material for deconstruction to flexible 
pipes. In addition to the main layers, are included more polymer layers to prevent 
wear between the structural layers. The strips of insulation with a low thermal 
conductivity may be used, for example, between the main reinforcement and the 
outer jacket, in order to obtain specific properties of the pipe insulation. 

 

      
 

 Fig. 8. Migration Fig. 9. Partial pressure difference of a fluid  
 of gas particles to a polymeric membrane 

(http://ogst.ifpenergiesnouvelles.f/.pdf.) 

THE MODEL OF AN ELEMENT WIRE 

Fick's first law relates the diffusive flux to the concentration under the 
assumption of steady state. It postulates that the flux goes from regions of high 
concentration to regions of low concentration, with a magnitude that is proportional 
to the concentration gradient (spatial derivative), or in simplistic terms the concept 
that a solute will move from a region of high concentration to a region of low 
concentration across a concentration gradient. Understanding the mechanisms of 
deterioration in polymer coatings during decompression gas passes through the 
knowledge of transport phenomena in polymers gas by studying the influence of the 
gas absorption properties of the material, and by modeling the behavior of the 
material during a decompression (figure 10). The mathematical theory of diffusion 
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(Crank, 1968) in a system of an isotropic is based on the assumption of 
proportionality between the stream of scattering of the molecule (that is the amount 
of species crossing the membrane per unit of time and area) and the concentration 
gradient between the two sides of the membrane. 

In one (spatial) dimension, the law is: 

C
J D

x

¶
=-

¶
 

where: J is the diffusion flux (g/cm2·s); D – the diffusion coefficient (cm2/s); C – 
the concentration (g/cm3); x – position / distance (cm). 

 

 
 

Fig. 10. Gas diffusion to a polymeric membrane. 
 

In figure 11 is schematic transport water and gas in a flexible line. 

INDUSTRIAL TESTS 

The permeability of methane and carbon dioxide plasticized polyvinyline fluoride 
water (PVDF) and plasticized polyamid 11 (PA11) was measured for a number of 
temperatures and pressures with testing devices. The results were used to study if the 
annulus of the flexible pipe will be wetted by water. In order to verify the small-scale 
test was performed with a 50 mm flexible pipe. The test showed that the annular space 
of the flexible pipe is moistened with water when carrying gas and water. 

The permeation coefficient is independent of total pressure up to 100 bar. 
Coefficient of permeability to methane and carbon dioxide seems to be independent 
of partial pressures of gases, which is expected by theory. 

The coefficient of permeability to methane and carbon dioxide in PA11 at 70° 
C, are higher than those found for PVDF. Water permeation coefficient is lower for 
PA11 than PVDF. Coefficient of permeability to methane and carbon dioxide 
plasticized PVDF are greater than the plasticized. 
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Fig. 11. Schematic transport water and gas in a flexible line. 
 

Coefficient of permeability to methane and water in the test found large scale 
tests in accordance with the scale. Both tests scale and large-scale test confirmed 
that the annulus of flexible PVDF pipes will be wetted with water due to 
permeation. This means that the environment in the annular space will be the pipe 
carrying corrosive gas which contains carbon dioxide or hydrogen sulfide and 
saturated with water. Corrosive conditions and corrosion fatigue must be 
considered when fatigue life of flexible risers are calculated. In figure 12, is the 
permeation coefficient, Norsk Hydro Research Centre N-3901 Porsgrunn, Norway. 

 

 
 

Fig. 12. Permetion coefficient for methane and carbon dioxide, industrial tests. 
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SIMULATION 

Are shown below four the simulations: 
 

 Numerical simulation 1. CH4 
 

 
 
 Numerical simulation 2.  CO2 
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 Numerical simulation 3. H2S 
 

 
 

 Numerical simulation 4. H2O 
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CONCLUSION 

Ventilation. To avoid gas diffusion effects in terms of maintaining balance in 
prasat corrosive environment created by their penetration is required ventilation gas 
in the annulus. 

To achieve ventilation are taken into account two criteria: 
1) Avoiding collapse upon the request of linear differential pressure; 
2) Ensuring the conditions for evaporation gas and water accumulated water in 

channels ventilated layer. 
Design objectives are: 
Setting parameters necessary for ventilation mode (when the start of 

ventilation, duration of ventilation, the pressure needed in the upper end); 
Assessment of the effects (results) obtained from ventilation (exhaust flow, the 

amount of fluid remaining in ventilated layer, the pressure in the lower end 
thereof). 

Establishing the ventilation status of layer fluids and observing the conditions 
considered to limit the upper end: continuous ventilation or - Intermittent 
respectively at atmospheric pressure ventilation or - sub-atmospheric (vacuum); 

Relationships and mathematical equations of the model proposed for the analysis 
and design of ventilation for independent parameters of time (geometric) while those 
for addicts (hydraulic parameters). works constitute a separate objectives. 
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