2t Potential and current distribution

Cathodic Protection is a surface related matter: protection conditions are achieved at each point of the
structure when the cathodic current density is equal to the protection current density and potential is within the
correct protection range.

The relationship between current density and potential at metal-electrolyte interface depends on electrode
reactions and typically they are non-ohmic, i.e. non-linear.

Prediction of potential and current distribution is an issue in several cathodic protection applications, in
design as well as in operating, monitoring and retrofitting contests.

Owing to few analytical solutions of the electrical field, based on Laplace equation, are available for very
simple geometries, Finite Element Method (FEM) and Boundary Element Method (BEM) modelling can assist CP
engineers for analysing more complex geometries (Fig. 1, Fig. 2).

Fig. 1 - Meshed domain Fig. 2 - Ship hull protected by glvanic anodes




133 Finite Element Method (FEM)

Finite Element Method is a numerical technique for solving boundary value problems. It minimizes an error function, generating
a stable solution. It solves simple equations over small subdomains, i.e. finite elements, to approximate a more complex
equation over a larger domain.

FEM analysis takes into account for the primary current distribution related with electrolyte resistivity and the
secondary current distribution related with electrode reactions.

Boundary conditions are defined by considering the electrochemical behaviour of the metallic surface under protection, for
example through the Tafel equations. The electrical field is then solved by considering the Laplace equation.

Modelling with FEM allows to describe in realistic way the geometry of intricate structures and to study the large
number of influence variables (Fig. - 3 to 6). It represents a useful tool for CP design, to evaluate impact and consequences of
engineer’s choices on existing systems and predict different scenarios.

Fig. 3 - Harbour sheet piling Fig. 4 - Single Point Mooring

Fig. 5 - Offshore Wind Farm monopile Fig. 6 - Platform jacket protected by impressed current system

Aims and capabilities of modelling

+ To verify that protection conditions are achieved all over the cathode, including recesses and shielded areas
* To calculate the protection current density distribution and then the total protection current

+ Inimpressed current CP systems, to verify that overprotection potential thresholds were not exceeded

+ Inlinear structures, like pipelines, to calculate the maximum length which can be protected by anodes

+ To interpret monitoring potential readings

+ To assess the size of coating defects based on potential gradient measurements.



sssss Cases of interest

FEM analysis can be performed on several cases of interest for oil&gas and renewables industry, offshore and harbour
facilities and many other applications (Fig. - 7 to 10):

+ Design of CP systems for offshore platforms, subsea pipelines, wind farm foundations and other structures with galvanic
anodes

+ CP retrofitting of offshore platform with both impressed current and galvanic anodes systems

« Monitoring: reference electrode positioning and potential measurements interpretation

* CP of pipelines with galvanic anodes and impressed current systems. Studies of electrical interference
+ CP of tank bottoms (Fig. 11, 12)

+ CP with galvanic anodes of heat exchangers, condensers, vessels

+ Structural and thermal modelling of anodes or anodic systems

Fig. 7 - Heat exchanger tube sheet Fig. 8 - Potential distribution across reinforced concrete wall
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+ Realistic virtual model of structures
« Accurate knowledge of current and potential distribution

+ During design or retrofitting phase, possibility to find under-protected zones and to correct anodes or impressed current
systems position

+ Improved design of spacing, anode size, placing and other geometrical factors affecting cathodic protection distribution
+ Further verification and consolidation of C.P. design solutions

+ Possibility of determination of over-protected zones

+ Evaluation of galvanic anodes consumption

+ Help positioning potential probes inside complex structures

+ Analysis of the evolution over time of protection conditions

Fig. 9 - Field gradient near slender stand-off anode Fig. 10 - Simulation of 4 coating holidays on subsea pipeline



Cathodic Protection of tank bottom

Fig. 11 - Tank bottom protected by 3 linear anodes Fig. 12 - Tank bottom internal protected by galvanic anodes
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