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Project consortium for the Watereye project
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Project consortium: Why Sintef
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Background

Manual inspection is
complicated and presents
logistical and safety challenges

e

N, e

htlp:f/www.r!nEwgb\eenerngorld.(or’r{lrea/h’rrages/float-un-floaling-mffshore-
wind-opens-up-the-deep-52031/47238

?’Lal, Monitoring and inspection options for evaluating corrosion in offshore
punddtions, Eurocorr conference, Vancouver 2016.
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Design of wind turbines for long lifetime

Environmental conditions on site

Steel surfaces are different with respect to
* Corrosivity
e Corrosion protection methods

External surfaces
e Atmospheric zone
e Splash zone

Internal surfaces

DNV-GL recommended practice "Corrosion
protection for wind turbines" (DNVGL-RP-0416)
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DNVGL-RP-0416, http://www.dnvgl.com
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Corrosion protection systems —
DNVGL-RP-0416

Nacelle

* |IAtmospheric zone

* Protective coating systems is mandatory in external and internal surfaces

L Tower

. |Sp|ash zone

* Protective coating systems is mandatory for external surfaces but optional for

Atmospheric zone

Platform -

internal surfaces

| __Transition
piece

e Coatings are combined with corrosion allowance Water level

e Standards for selecting protective coating systems

* DNVGL-RP-0416
* |SO 12944: Corrosion protection of steel structures by protective paint system: . ficor

Support structure
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Sub-structure

Submerged zone
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* |SO 12944-9: Performance requirements for protective paint systems for
offshore and related structures
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Source: SINTEF

Foundation

* NORSOK M-501: Surface preparation and protective coating
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Blistering 1A) Various ageing process which RESULT

Chalking leeds to degradation of the organic
1 Cracking coating, hence these are
) Flaking degradation mechanisms.

Defects/Pores
are produced
Atmospheric

zohe Failure

mechanisms
.
Corrosion creep

1B) This is a failure

_ , (corrosion creep
mechanism of the coating

. . or cathodic

induced by corrosion of steel : :
disbonding) take

at a defect
place

] 1C) This is a
Wet de-adhesion weakening of the Disbonding of
coating/steel the coating

interface in wet

Al ab conditions. Acts Corrosion
above together with/in products on
L~ parallell with 1A and bare steel or
Cathodic disbonding

1B under coating
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Objectives: Structural health monltormg (SHM)

Drone measurements
from mobile drones will
collect data about wall
thickness and be used
to generate a wall
thickness condition map
in colours

Fixed sensors will deliver data
regarding the wall thickness at that
specific sensor

Drone measurements

File Edit Options Help

I"_‘l[E] c 4 @

OPEN  Save ROTATE PAN ZOOM INSPECT

Layers
e wall thickness

Health index

2

Lisss sevess COimosn

B hicee severs comosion

Digital twin of a wind
turbine tower

measurements
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Materials and methods

Approximate Location of Site 1

Case study in the project

e Gran Canaria: based on end-user
offshore WT plans

* Atmopsheric zone

e Splash zone

e Structural carbon steel

* Various coatings systems: 3, see next
slide
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Coatings employed in the project

Ultrasound is expected to handle different coatings.....

External surfaces
Watereye NORSOK

systemno. system no.

Dry film thickness - Internal surfaces
DFT [pum]

Coating description

0 Bare steel Atmospheric zone Reference - Bare steel

Zn-rich primer + epoxy

1 1 Atmospheric zone 3-coat system ) .
intermediate coat + PU topcoat

280 1-2 coats epoxy

TSZ +ti t+ int diat
2 2B Atmospheric zone Duplex coating Eendl s CROXYUNEENNESI s 100 + 200 1-2 coats epoxy

coat+ PU topcoat

7A
3 Splash zone Epoxy coating system 2 epoxy coats 660 1-2 coats epoxy
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Cyclic corrosion test — 1SO 12944-9 and CD
test ISO 15711 — Method A

Day 1

Day 2 Day 3

Day 4

Day & Day 6

Day 7

UVicondensation — IS0 11507

Salt spray — 150 8227

Low-temp.

exposure at

(-20+2)°C

Test method known to predict offshore performance

25 cycles — 4200 hours exposure

* Samples are moved manually between test cabinets

* Visual examination to be carried out after 1 and 3 months exposure

* Visual examination and corrosion creep measurements after testing

- /B
I ki l "I.'

b T R ———— Iﬂu‘r w4y
Fraged




Field exposure of test samples at PLOCAN

e Samples to be exposed

* 4 months
* 8 months
e 12 months
* 24 months

Test Area

* Corrosion examination of exposed samples
e CEIT by US measurements
e SINTEF in agreement with the ISO 12944-9 by SINTEF
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Field exposure of test samples at Plocan
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Some results: Bare steel corrosion

As exposed As stripped — corrosion products removed

1 month 3 months
0Zb 0Ll

Al o O .%o Field exposure, 1 month
SINTEF

Accelerated laboratory test



Some results: US measurements on bare
steel — after corrosion products are

removed
214
" TOF= 207 x 8ns = 1'656ys
212
?2” ' e Vs (steel) = 5900m/s
oL 210
5209- Thickness = 1'68us x 5900 / 2 = 4’8852mm
% 208
S5 Loss of thickness = 4’956 — 4’8852 = 70'8um
206
> Il Loss of thickness confirmed by other methods

24 24.5 25 25.5 26 26.5 27
Temperature (C)
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Some results: Corrosion on steel from damaged

coating

1 month 3 months e Effect of exposure time

e Blisters due to corrosion from scribe
* |ncreased blister sizes

NORSOK
system 1: 3-
coat system
for
atmospheric
zone

SINTEF




Some results: Corrosion on steel from damaged

coating

18

NORSOK
system 2B:
duplex
coating
system for
atmospheric
zone

month

3 months

* Effect of exposure time
* Minor coating lift
e Small blisters from scribe

SINTEF
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Summary: The Watereye project

Overview of envisioned decision support tool and detection &

prediction algorithms

Input leaders:

CEIT
Defect features with _ . SINTEF-|
) Current corrosive TUD
Corrosion state of WT .
detection Corrosion
algorithm icti
= prediction Weather forecast
algorithm
Corrosion model Corrosion
— rediction .. .
Salinity b Minimum wall thickness
concentrations, etc. RUL per coordinate
turbine load prediction Historical WT life ti
A e istorica ife time
RUL estimation

Maintenance scheduling optima with risks

!

o Logistical constraints
Decision

Power output constraints

support tool Weights on objectives
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