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1. Introduction

Offshore oil platforms are large structures with facilities for well drilling to explore, extract,
store and process petroleum & natural gas lying in rock formations beneath the seabed
(Figures 1 & 2). Many oil platforms also include facilities to accommodate their workforce. Steel
in terms of plates, supporting structural bars, hollow sections and other types of structural
elements is the most common material used in the construction of all parts of the platform.

Figure 1: A typical offshore oil platform.

Figure 2: Basic lattice masts.

All companies related to this application are particularly conscious about serviceability
costs and longevity. Despite the higher initial investment cost, the use of coated steel is justified.
Salty water and wind attack the exposed equipment on oil platforms as well as the platform
itself constantly, making the anti-corrosion protection mandatory. Coating and painting steel
are typical ways to protect the material, which however implies constant maintenance due
to re-painting operations. Another possibility is to account for an increased material thickness
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to counteract the material’s mass losses due to corrosion. Though, this is not a common
practice as it results to a costly oversized structure.

The most efficient and globally accepted method for corrosion protection is the
electrochemical approach of the phenomenon by creating a “galvanic cell”. This includes
the structure of interest as cathode and defined anodes, either as the *mean’ for impressed
current transmission on the structure or as sacrificial anodes which lose their material's
consistency due to the electrochemical reactions. Consequently, the design of an efficient
cathodic protection system is considered as an especially important topic for the safe and
profitable operation of these assets, as well as for the prevention from aqueous environment’s
pollution.

Cathodic protection aims to eliminate the corrosion of a surface by converting it into the
cathode of an artificial made electrochemical cell (galvanic cell). Cathodic protection can
be applied by using two methods. The first one is called Sacrificial Anodes System (SACP). As
its name implies, a galvanic anode (a piece of a more electronegative metal) is attached to
the target metallic surface to achieve the electron flow that will cause the demanded
polarization of the structure. As a result, the electrically conductive contact between the
metallic surface and the galvanic anodes must be ensured. The second method, namely the
Impressed Current Cathodic Protection system (ICCP), can be applied by using an external
current source that provides a controlled amount of DC current to the target surfaces. In this
case the external power source provides the AC, which is converted into the demanded DC
by a transformer-rectifier. The negative terminal of the current source is connected to the
structure, while the positive terminal is connected to the anodes. The control panel maintains
the optimum level of protection throughout the life cycle of a structure.

This report describes the sacrificial CP system of an offshore oil platform. The numerical
model is set-up in SIEMENS Simcenter3D by using the vertical tool of “PITHIA-CP"”, an innovative
Boundary Elements Method (BEM) solver. The problem is modeled by utilizing discretizations of
two different element sizes, to demonstrate the performance of the solver as the DoFs increase.
The CPU time per Newton-Raphson iteration and the required memory are also considered as
added values in the demonstration & evaluation of PITHIA-CP [1,2,3].

2. Electrochemical Simulation

Engineering simulation is a key tool for the corrosion protection design. Generally, failure
must be avoided, and physical testing can be difficult and extremely expensive. Prediction of
potential and current distribution is a serious issue in several cathodic protection applications,
in design as well as in operating, monitoring and retrofitting contests. Computational methods
and simulation software can assist CP engineers in analyzing both simple and complex
geometries as well.

The dominant competing solution is the Finite Element Method (FEM), which generally is
very well implemented but has certain limitations in problems dealing with infinite/semi-infinite
domains. The method has significantly higher computational requirements, making it
unsuitable for e.g. acoustic, vibration wave propagation in soill and electromagnetic
problems. PITHIA-CP is based on the Boundary Element Method (BEM), the main advantage
of which is the reduction of the dimensionality of the problem. This means that only the
boundaries of the problem is required to be discretized in contrast with the FEM where the
volume of the e.g. sea, soil or water must be discretized. Thus, the model preparation in PITHIA-
CP is significant simpler. Additionally, it is well-known that the Boundary Element method offers
unprecedented accuracy compared to the Finite Element Method.
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3. The definition of a “Galvanic Cell”

The galvanic cell is defined as the space (infinite or semi-infinite) including a
homogeneous electrolyte and encloses the closed metallic surface of interest. The surface of
the metalllic structure can include anodic surfaces, cathodic surfaces, and insulated surfaces.
Due to the potential difference between the anodic and cathodic metallic surfaces, current
flow appears in the electrolyte. This electrolyte of the galvanic cell is homogeneous and
isotropic (constant conductivity).
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Figure 3: Depiction of the CP system through the definition of the galvanic cell.

Considering the platform, which is surrounded by seawater, the corrosive action takes
place in the external surfaces of the tubes. As a result, an efficient cathodic protection system
should be implemented to curb the wear caused by the corrosion. The seawater acts as the
electrolyte and thus a galvanic cell is formed.

The study of cathodic protection systems using PITHIA-CP requires the creation of an
artificial boundary. This boundary defines the domain where all electrochemical reactions
occur and is called “Balloon”. In cases where the structure under study is totally immersed in
the electrolyte, i.e. systems with an infinite extended electrolyte, then the Balloon is a closed
surface.

The function of the above-mentioned system is like those of electrochemical systems,
which generally consist of ionic solutions (electrolyte Q) bounded by electrodes Sa & Sc and
insulators Si, Figure 3. In a spontaneous reaction, when a sacrificial anode system is
implemented, the electrode with the more positive potential undergoes reduction and is
called cathode, while the one with the more negative potential undergoes oxidation and is
called anode. Due to the potential difference between the electrodes, current flows between
these electrodes of the electrolytic cell. As mentioned previously, the mathematical model of
an electrolytic cell is identical with the one described for the cathodic protection systems
implemented on structures immersed in infinite electrolytes. Figure 4 below, represents the
defined galvanic cell, geometrically defined as a balloon, for this case in PITHIA CP.

When the structure under study is partially immersed in the electrolyte, i.e. systems with
a semi-infinite extended electrolyte, then the Balloon is split by a plane. In either case, the
dimensions of the artificial boundary is recommended to be at least four to five times bigger
than the radius of the circumscribed circle of the structure under study, to not interfere in the
accuracy of the results. For the semi-infinite electrolyte, the free edges of the immersed
structure and the balloon coincide with the z-plane (z=0), while the rest geometry is in the
negative z-axis to implement the half-space fundamental solution. The Balloon can be
designed in different shapes. One of the most important properties defined in CP models,
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characterizing the galvanic cell, is the electric conductivity. In this report the electric
conductivity used is y =4 s/m.

a)

b)

Figure 4: The galvanic cell of the current model as defined. The semi-infinite space is shown in a. The waterline and
consequently the limit of the semi-infinite space is shown in b.
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4. Geometry

The oil platform is a truss consisting of @1.8m & @0.9m tubes (Figure 5). The platform’s
overall dimensions are 48m X 48m X 90 m, with 82 m of its height being immersed in seawater.
The immersed area of the platform is 10,350 m2. The CP system consists of 274 identical
cylindrical aluminum sacrificial anodes of 2.5m length & 0.2 m in diameter. The anodes are
mounded at 20cm away from the platform. The galvanic cell is surrounded by a semi-sphere
of radius 300 m [1,2]. The upper part of the frame, as shown in red in Figure 5, exceeds the

waterline and thus is the limit of the semi-infinite space.

Figure 5: Rendered view of the frame with details.

According to the previous distinction, the model can be organized in three groups: i. the

balloon, ii. the cathode and iii. the anodes.

5. Mesh

The geometry of the boundary surfaces, including in the galvanic cell is
approximated using quadratic elements while the current density and
potential are assumed to be constant fields in each boundary element.
The discretization uses PITHIA's Linear Quad elements. The three
discretized entities are the cathode, the anodes, and the balloon. The
Balloon is meshed with the Paver meshing method and utilizes an
element size of 40m. The cathode is meshed with the Subdivision
method and an element size of 0.6m while the anodes are meshed with
the Paver method and and element size of 0.13m. The direction of the
element normal is crucial in Their direction is very important part for the
calculation of the final current density on the surface.
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Figure 6: Mesh of the Balloon.

Figure 7: Mesh of anodes.
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Figure 8: Mesh of cathode.

Figure 9: Mesh of cathode & the anodes
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5. Material Properties

Two types of properties are defined in this model: i. the polarization curves and ii. the
physiochemical properties of the Faraday's law. In Simcenter 3D the user can define these
properties in the dialog box of the Isotropic Material, in the Polarization Properties (Pithia Solver)
and Phisiochemical Properties (Pithia Solver) sections.

The Polarization Mechanical ~ Electrochemistry

Strength

Properties (Pithia Solver) . Input Method Raw Dats -

. . i Raw Data
can be deflned by USIng Lotnatiily et e Analytical Wagner-Traud
thl’ee methods | e (Ist Column, 2nd Column) Analytical Butler-Volmer
. . Electiomagnetic Current Units mé -
Wagner-Traud, ii. Butler- = Potential Units v -
Volmer, iii. Raw Data. Viscoplasticity Area Units mm#2 -
[} . Damage Reference Electrode NHE -

PITHIA's  material

Other Physical Properties

library includes various Miscellanecus

. User Models - Simcenter Nastran
propertles ready_to_be_ User Models - Sirmcenter Samcef
used for most matenals Polarization Properties (Pithia Solver)

. Phisiochemical Properties (Pithia Solver)
in various. The

assignment on the geometry of the various properties is presented in Figure 10. Each colour
represents a different area of materials. Parts with the same colour have the same material
assignment. In Figure 10, there is the polarization curve of the pair cathode (steel)-anode
(aluminum).

Figure 10: Materials assignment on the Offshore QOil Steel Platform.

Cathode \ Anode
Paint coated Steel Aluminum alloy
(Yellow coloured entities in Figure 10) (Blue coloured entities in
Figure 10)
User-Defined Material via Tafel User Defined Material via
coefficients tabular data (current
density-potential)
Paint coated Steel Zinc
(Yellow coloured entities in Figure 10) (Blue coloured entities in
Figure 10)
User-Defined Material via Tafel User Defined Material via
coefficients Tafel coefficients

Table 1: Used materials.
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—— Coated steel in seawater (Eq. (51))
1| — Aluminum alloy in seawater [Sun et al., 2013]

1.4 -

Electric Potential ¢ (V vs. Ag/AgCl)
>

_16 L L o ror T L | L

1E-4 0.001 0.01 0.1 1 10 100
Current density i (A/m?)

Figure 11: Polarization curves of steel-aluminum “pair”.

6. Simulation Objects

By using the “Simulation Objects” the user can define the boundary conditions to describe

the specific system by defining the entities of the galvanic cell. Various simulation objects are
available to correctly define the cathodic protection systems, such as Anodes (Sacrificial
Anodes or Impressed Current cathodic Protection System),
Cathode, Balloon, Electrical Insulator and Electrolyte Interface.
Apparently, it is not necessary to use all the Simulation Objects in
each model, but only the necessary to define appropriately the
galvanic cell.

The “Cathode” simulation object is used for defining the
cathodic regions of the galvanic cell. The potential and the
current density related to the cathodic material are defined by
the polarization curve of the material when it is immersed in a
specific electrolyte. The part of the platform below the waterline.

The “Sacrificial Anode” simulation object is used to define the
anodic regions of a cathodic protection system. The user can
select the anodic faces either by single selection or by using a
group reference which contains all the anodic surfaces.

The “Balloon” simulation object defines the artificial
boundary of the electrolyte in the infinity. Table 2 below includes
the initial values for each type of Simulation Object.
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Figure 12: Definition of the various simulation objects in SIEMENS Simcenter 3D GUI.

Materials

Cathode
Paint coated Steel
(Navy blue coloured entities

Anode

Aluminum alloy
(Red coloured

in Figure 9) entities in Figure 9)
Newton-Raphson -0.8v -1v
Initial Guess
Protection Potential -0.85 V Not available value

Reference Electrode

Ag/AgCl Seawater

Ag/AgCl Seawater

Materials

2nd Case

Paint coated Steel
(Navy blue coloured entities

Zinc
(Red coloured

Study

in Figure 9) entities in Figure 9)
Newton-Raphson -0.8v -1v
Initial Guess
Protection Potential -0.85 V Not available value

Reference Electrode

Ag/AgCl Seawater

Ag/AgCl Seawater

Table 2: Initial Values used in the various Simulation Objects.

7. Solution Parameters

The solver parameters for this model are the following: cluster tree cardinality Lmin = 100,
admissibility parameter n = 2, number of Lebedev points for both kernels’ Np = 74, low-rank
approximation accuracies &1 = 10-% and & = 104, GMRES solver accuracy ¢evmr = 104, and

Newton-Raphson accuracy &enr = 104

https://feacomp.com/pithia/cp/
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Figure 13: PITHIA-CP Solver settings

8. Results

8.1 Case Study 1

8.1.1 Potential Measurements
In Figure 14, the obtained electric potential for the 1st case study is depicted on the platform
surface.

Figure 14: Contour plot of electrochemical potential ¢ (mV vs. Ag/AgCl/seawater)
on the surface of the platform for Case Study 1 (Steel-Aluminum).
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8.1.2 Current Density Distribution
In Figure 15, the obtained current density distribution for the 1st case study is depicted on the
platform surface.

Figure 15: Contour plot of electric current density i (A/m? vs. Ag/AgCl/seawater)
on the surface of the platform for Case Study 1 (Steel-Aluminum).

8.2 Case Study 2

8.2.1 Potential Measurements

In Figure 16, the obtained electric potential for the 2nd case study is depicted on the platform
surface.

Figure 16: Contour plot of electrochemical potential ¢ (mV vs. Ag/AgCl/seawater)
on the surface of the platform for Case Study 2 (Steel-Zinc).

https://feacomp.com/pithia/cn/ 14
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8.2.2 Current Density Distribution
In Figure 17, the obtained current density distribution for the 2nd case study is depicted on the
platform surface.

Figure 17: Contour plot of electric current density i (A/m? vs. Ag/AgCl/seawater)
on the surface of the platform for Case Study 2 (Steel-Zinc).

8.3 Study Convergence & Overall Results
For both alternatives the convergence has been achieved, in a short number of iterations.

1% Case Study — e——

2" Case Study —&——

Figure 18 : Convergence of the model
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The minimum and maximum values of electric potential on the platform (excluding the
anodes), for the two case studies, are listed in Table 3 respectively.

Electric potential (V vs. Ag/AgCl/seawater)

Min Values Max Values
Study Case 1 -0.810 -0.970
Study Case 2 -0.818 -1.118

Table 3: Minimum and maximum values of electric potential at the platform (excluding the anodes)

The minimum and maximum values of current density on the platform (excluding the anodes),
for the two case studies, are listed in Table 4 respectively.

Current Density (A/m2 vs. Ag/AgCl/seawater)
Min Values Max Values

Study Case 1
Study Case 2

Table 4: Minimum and maximum values of the current density at the platform (excluding the anodes)

9. Conclusions

This report describes the simulation of an Offshore Oil Steel Platform focusing on the
electrochemical potential and current density distribution on the surface of the platform. The
developed structure and the appropriate process for the definition of the physical problem
are presented. It is important to highlight the significant steps of the definition of material
properties via the polarization curves and the simulation objects that represent all the entities
of the galvanic cell. The distribution of potential and current density are within the foreseen
limits according to the Standards used for the cathodic protection design. Reference values
of the potential range between -0.9V and -0.8V.

The accelerated BEM method is applied to capture the potential and current density
distribution details and consequently calculate the detailed map of the surface of the
structure. The PITHIA-CP converges nicely, fast and is stable during the calculation of both
current density and electric potential.
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