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Abstract

Segments of aged cathodic protected buried pipelia@ be damaged as a consequence of soil movetrietiparty-
damage and corrosion processes. Therefore, higorpemnce coatings have been applied when somecepknt is
necessary. Attention has to be taken to cathodigotidment of these new coatings due to overproteatispecially in
regions where the bed of anodes are located. ietleany failure in the replaced pipe section,osipg the metal
substrate, it is believed that the current dengityat region can be very high leading to seridasage in the coating.
The aim of this investigation is to determine expentally the behaviour of four different coatingsgarding cathodic
disbondment. The cathodic protection system issasgkinvolving new and aged coatings. They are asdsbundary
condition to determine the potential distributidorey the pipeline by means of numerical simulatibhis assessment
also aims determine the level of protection inribar segment of pipe and in the interface of agedrew coatings. It
will be consider parameters such as physical-cheyrasid corrosivity of soil.

1. Introduction

During the lifetime of pipelines, corrosive processre likely to occur. These processes are dumattoal
aging of coating allied to damage resulting fromansportation, installation and even during opematids a
consequence, the replacement of pipeline segmsntedessary. These are coated, in plant, with pegformance
coatings, such as Fusion Bonded Epoxy (FBE) angeBuollene Adhesive Tape (PE3L).

The pipeline replacement has to be accessed itiorelto the cathodic protection applied in the fifpe
network. It is especially relevant because the adithprotection system is projected to attend titee$ with aged
coatings, such as coaltar enamel, bituminous ggstietc, most common in Brazil. Therefore, the entrrequired to
protect the old pipelines can easily overproteetribw segments. The potentials in this region eaoh very negative
values.

Attention has to be given to cathodic disbondmehnew coatings as a consequence of overprotection,
especially in regions close to where the anodedaomatted. If there is any failure in the replacepep exposing the
metal substrate, it is believed that the curremisig in that region can be very high leading taae damage in the
coating. In this case, a progressive disbondmertoating from the metal substrate is expected. litheture has
reported this process in buried pipelines coatel igh performance coatings [1-3], corroboratirithwthis research.

The high current density is not necessarily they dattor responsible for the cathodic disbondméditite
association with other parameters can magnifydffesct and has to be taken in account. It is wicalgepted that the
loss of adhesion of the coatings is related tdfdhmation of a high alkaline environment in the al&toating interface.
However, there is not a final agreement about tleehanisms involved in the disbondment. Some pamsean
influence the process, such as soil resistivityt/dwg cycles of soil, treatment of metal surfade, [¢,5].

The aim of this investigation is to determine bynpoiter simulation the most probable potential &f tiew
segments of pipe and test in lab the behaviouhefdoating regarding cathodic disbondment. Howeegne real
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systems have been numerically simulated [6,7], kiisl of cathodic protection problem has not beeported in
literature.

2. Experimental procedure

In order to understand the role of cathodic pradecsystems in real buried pipelines with aged high
performance coatings, a joint research was cawigdusing tools as computer simulation of the dctyatem and
investigation of soil characteristics in the labiorg. Parameters such as curves and resistivityegabf soil samples,
taken from regions nearby the segment of the reglaipe (high performance coating), were experiaignbbtained.

The aim of the investigation is to determine, bynpater simulation, the most probable potential ted
over the new segments of pipe and test in lab #maviour of the coating regarding cathodic disbostmHere, the
methodology employed in this research and somedathdisbondment tests are presented.

2.1. Laboratory methodology

In order to improve the numerical simulation anddifine parameters to study cathodic disbondment, a
research on the soil sample was done. The firpt\wtes to analyse the physical-chemistry propedfesoil samples,
taken from the region of the new segments. Thenrdbistivity values of the soil samples, as ationoof the humidity
content, were determined. After that, the behavaduhe metal (bare pipe) in soil as a functiorihaf water content was
obtained. These results defined the resistivity tmedpolarisation curves adopted for numerical &tmon, which in
turn will provide the proper potential used in eatlt disbondment tests. The coatings used in éestsepresentative of
field conditions.

2.2. Real Pipelines Simulations

As a means to evaluate the presence of pipe seatiith high performance coatings in old buried pipes,
numerical simulations have been carried out usofgvare based on the Boundary Element Method [8}o Teal
pipelines were simulated, here represented as RNEEIA and B. The pipelines are protected by impedssurrent
anodes and there are three sections with new gsaf#9.9% of efficiency) in each pipeline. Cylirgai quadrangular
elements were used to model the pipelines.

The following boundary conditions have been considdor the numerical simulations: anodes as ingaes
current point sources and cathodic polarisationesirexperimentally obtained for different humidintents: 35% and
15%.

Figure 1 and 2 show PILELINE A and B, as schemlgiceepresented for numerical simulation. The
positioning and the distance between the real abeds and the pipeline are described in the figurke total current
was supplied in order to keep the potential ovenihole pipe in, at least, -0.85VCu/CuSO4.
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3. Results and discussi

ons

3.1. Experimental results

3.1.1. Soil analysis

The soil samples taken from the region of the negnent of pipe were analysed. Table | and Il shuege
characterisation for PIPELINES A and B. It can lbserved that the soil resistivity alters from oaenple to another.
Therefore the variation of resistivity as a funotiof humidity content was determined. The methogplased is
described elsewhere [9] and consists of dryingtleitsoil and to add the percentage, in weight, atEwprogressively.
Figure 3 and 4 present the behaviour of the saniplegation of humidity.

It can be observed in these figures that thetreisysdoes not vary after certain humidity conteatues.

Table I: Characterisation of soil samples as receivedREPINE A

SOIL SAMPLES — AS RECEIVED
Kilometer 39 Kilometer 48 Kilometer 55
Humidity Content (%) 27,81 28,78 29,34
Resistivity (Q.cm) 87000 4950 31500
pH 6,40 7,16 5,71
Table 1I: Characterisation of soil samples as received — PIRIEE B
SOIL SAMPLES — AS RECEIVED
Kilometer 54 Kilometer 57 Kilometer 60
Humidity Content (%) 35,35 48,06 32.99
Resistivity (Q.cm) 24000 8000 33000
pH 6,69 6,17 8,51
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Figure 3 — Resistivity x Humidity content - PIPELINE A
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3.1.2 Polarization curves

Polarization curves were obtained to be usedémtimerical simulation and also had the objectivddfine
the electrochemical conditions of the pipe in thit §he methodology employed was a three elecsadd, where the
working electrode was a steel sample, a saturatnelan electrode (SCE) as a reference and a itgapld as an
auxiliary electrode. The soil with various humiddgntents was the electrolyte. The curves are sliowigures 5.

°]
-0,5 |
7 -1
(@] i
) ]
2 157
S 2
c ]
Q 1
S -2,5 || —+—PIPELINE A-35%
3 §| —=PIPELINEA-15%
1/ —e—PIPELINE B - 50%
—3,5 T T T T TTTTT T T T T TTT7] T T T TTTT T T TTT
0,00001 0,001 0,1 10 1000
Current Density (A/m2)

Figure 5 —Cathodic polarisation considered as boundary cimmgit

3.2. Numerical results

3.2.1. Pipelines potential distribution

Considering the boundary conditions mentioned abBigrires 6 and 7 present the potential distrilougin
PIPELINE A, for two humidity conditions. The redbthnces between anodes and pipeline are indigateidure 1.
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Figure 6 —PIPELINE A. Numerical simulation considering 35%nfidity content cathodic polarization curve
(resistivity = 3,400 ohm.cm)
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Figure 7 —PIPELINE A.Numerical simulation considering 15% humidity cariteathodic polarization curve
(resistivity = 36,500 ohm.cm)
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In these simulations the influence of the distameveen anode beds and pipeline is noticed. Iscs a
observed the great influence of the new coatingheeds, where the potential reach cathodic values. Situation is
even more pronounced in higher resistivity soif(fFe 7).

Figure 8 presents the potential distribution inEELANE B, for high humidity soil (50%). The anodedse
are located at same distances from the pipelin@nil0As observed for PIPELINE A, the anodes infeethe
potential distribution in regions nearby and thesgince of new coating segments generate higherdiath
potentials, reaching values of about -3.4Vsce.
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Figure 8 —PIPELINE B.Numerical simulation considering 50% humidity comnteathodic polarization curve
(resistivity = 4,000 ohm.cm).

In order to define the influence of the old pipeliooating efficiency on the potential distributiaher
simulations were carried out, considering 70% a@#9For the new segments, 99.9% of coating effayienas
admitted. In the Figure 9, the region of the pipelivith new segments was magnified in order to nedader to
observe the influence of this parameter. The irsereia the efficiency of the coating promotes moathadic
potential values in the whole pipe (new and ageatiogs). The current was applied in order to maintae whole
pipeline cathodically protected.
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Figure 9 — PIPELINE B.Influence of the old pipeline coating efficiencegistivity = 4,000 ohm.cm).

3.3. Disbondment Tests

The cathodic disbondment tests were carried oud idifferent coatings: Fusion Bonded Epoxy (FBE),
Polyethylene Three Layer (PE3L), Liquid Epoxy angaHShrink Sleeve. FBE and PE3L are used as hidbrpance
coatings, while the Epoxy Liquid is applied forlfieepair and Wrap-around heat-shrinkable (WHS)sed as a weld
joint coating.

The tests were set up employing real soil takemfRIPELINE A and B as electrolyte. The potentigblagal
was obtained from numerical simulation and wahérange of -3V vs. SCE. The experiments ran fod&& and used
Canadian Standard Z245.20-02 and 21-02 as a basthdoexperiments. The schematic set up of theodath
disbondment testes are shown in Figure 10 and &idur presents the experimental tests using theffdratit
experiments.

Legend:

A: Reference Electrode
B: Counter Electrode
C: Working Electrode
D: Cupper Electrode

E: Coating Failure

Computer

Figure 10: Schematic set up of the cathodic disbondmers test
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Figure 11— Experimental set up for the cathodic disbondnesttusing 4 different coatings

Figure 11 presents qualitative results found fer ¢athodic disbondment in the analysed conditiboah be
observed that there are differences between th@atings. The FBE and PE3L presented a certain degfe
disbondment. HSJ showed a completed failure ditetdsts while the Liquid Epoxy did not evidencyg delamination.

PE3L

Figure 11 —Experimental set up for the cathodic disbondmesttusing 4 different cdings
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4. Conclusions

There are two causes for the developed potentadgpever the pipeline: the proximity of the anoééd b
and the difference between coating efficiency walue

The negative potential peak in the new pipe segimesibeen found to be a direct function of thesddffice
between new and aged coating. It was observedhisatehaviour become more pronounced as the atigoating
deteriorates.

The HSJ showed the worse performance for cathaslimddment test in the analysed conditions. On the
other hand, the epoxy presented no disbondment.
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