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ABSTRACT such as structural behavior, environmental conditions and the
Nowadays, challenge for requalification of existing offshore structural integrity. The present paper takes place in the
platforms through the reassessment process leads to considementioned challenge for the reanalysis and to extend the
the importance of updating new information (e.g. lifetime of existing jackets where the uncertainties have to be
environmental data, new regulations, etc.). Regarding to this controlled based on the analysis of inspection reports. Previous
information and depending on offshore fields, data of marine studies are generally focused on two types of questions: crack
growth colonization is shown to have a dominant effect. This is detection and measurement or marine growth assessments. This
a real challenge in the Gulf of Guinea that this study focuses paper aims to analyze the effect of the roughness caused by the
on. Marine growth is known to cause adverse effects on thelatter on hydrodynamic coefficients based on the response
performance of offshore structures. Its presence can change theurface method.
roughness and the diameter of structural members and hence Indeed, biocolonization on offshore structures is of major
change the level of hydrodynamic coefficients. Moreover, importance as it can increase the screen effect and modify the
modifying the added mass can change the natural period anchydrodynamic flow near the structure. This paper firstly
hence dynamic responses of structures. Even platforms with thereviews the general effects of the biofouling on jackets and lies
best protection schemes against marine organisms will after fewthe overloading and increasing of the roughness due to the
weeks at least few months start to be covered by various typeshiocolonization.
of marine growth. Generally, it was also recognized that the The response surfaces of thgddd Kc in presence of the
most important source of loading exerted on offshore structuresmarine gowth are proposed. A discussion on uncertainty and
comes from hydrodynamic actions which are influenced by sensitivity studies is carried out. Finally the study will be
hydrodynamic coefficient values. The colonization process is finished with the roughness modeling hypothesis and the
very complex and results are in a large diversity of marine discussion on the results after Monte-Carlo simulations of drag
growth type (animal, vegetal- hard, soft) and species. This forces.

study therefore proposes a stochastic modeling of marine
: ENERAL EFFECTS OF MARINE GROWTH ON
growth and the roughness of hard species based on Respons ACKET PLATEORMS

Surface Methodology. A geometical description Bfander of When a structure is immersed in the seawater, it is rapidly

Stokes model, formed by a random linear combination of covered by the unavoidable marine organisms. Its nature and
deterministic vectors is employed. Finally, the complexity level y 9 : .
- ) growth are complex phenomena and a lot remains
of roughness modeling is analyzed and the results are® . : . .
. misunderstood. The structures which are partially built afloat or
discussed. o :
transported to the exploitation site may have the larvae of
INTRODUCTION marine organisms attached before they arrived at their
Reassessment of offshore structures is became one of thénstallation locations [1]. Then geographical location, distance
major operational challenges for industries. It results to update from the shore, soil nature, the water depth, building material
the design hypothesis of these structures that deals with topicancluding coatings and the type of structure, waves, water



currents, nutrients availability, peicochemical parameters
seawater, presence ofopection systems, human activit, and
the date of platform installation in relaion with the date
release of spores and larvae will affect tbio-fouling nature
and growth rate [[2 The superposition and competition of the
mechanisms make the marine growtbhdeling still a challeng
for actual research. Recent meeements [| demonstrate that
marinegrowth thickness may be considerable (superior to
mm) depending on geographical site locations. They may
a significant impact on logistic and cost of structur.
inspections and operational maintenapazgram.

The marine growth can damage underlying hard subs
through some mechanisms such as mechanical degrac
chemical degradation and bacterial aclivities associated
specific microenvironments that are created by ma growth.
They can be caused by recurring cleening of structures
action of storms, bacterial activities associated with spe
microenvironments created by marine organisms or
presence of cathodic geztion devices that are typically us
to protect metal platforms against the corrosié4, 5]. The
quantification of damage caused is generally unknown anc
not revealed in the existing investigationg [6

Overloading from marine growth modeling and
measure

It is instructive to firstly mention the ielevant contributic
in the literature, which can be categorizzd into two groups
hydrodynamic modeling from experimznts and (i) ma
growth physical modeling from igitu measuremen

Concerning the first group, many research studies have
done on the basis of sensitivity studies of overloading dt
the nature and thickness of marine gronth and hydrodyn
structure of flows. As the techniques of flow velocity &
acceleration mesurements are particularly-depth, studies are
mostly recent in this field. In fact, the equipments in wi
tunnels or large basins are generally costly considering the
that largescale experiments must be considered for similit
conservation. 8me of them are usefully leviewed and deta
by Sarpkaya [30]. The pioneer works Sarpkaya [8, 9]
concern fixed roughened cylinders placed in a sinust
oscillating flow. Others consider roughened cylinders subje
to sinusoidal oscillation in a large basir with the intentior
promoting two-dimensional flows]. After this period, anothe
way of experimentation concerns the carriage technique
forced sinusoidal oscillations of a aytier in a basin [1 1,
11]. The relative Roughness i.®oughnes k divided by
diameterD of clean cylinder tested varies from 1/240 to 1/
These works contrilted largely to a beiter understanding
relations between the nature and thickness of fouling
relative changes of loads. Systematic measurement
Reynolds, Keulega@arpenter and Sarpkaya numbers allov
to assess precisely the hydrodynamic céolit of the tests. |
spite of ‘controlled laboratory conditions’ significa
differences in drag, inertia and lift coeffcients data are fa
especially for Keulega@arpenter exceeded 8 with
predominant reason J#vhile the effects of thre-dimensional

vortex instability may affect them. A specific work carried
by Theophanatos pointed out that the -parameter
characterization ofelative roughness /D) is not suitable to
embrace all the complexty of flu-structure interaction and to
qguantify loading [12 In fact the shape of roughness, effect:
soft seaweeddimitation of experimental scales and percent
of coverage have been shown to have a great influence ¢
results and should be taken into account. Note that in some
like in the Gulf of Guinea for instance, waves and curr
coexist with a similar contribution to loading and special eff
of their combination should be studi

Note that another effect of marine growth is the overwe
it can be of the same order of nnitude as the weight of the
clean structure itself and hence it can change the dema
foundations.

Effect of roughness increasing on hydrodynamic
coefficients

Marine growth can result in increasing surface roughi
and hence changes in both of the ¢ and inertia coefficients
being linked to the hydrodynamic forces across Mol
equation [1B Their variations induced by the presence
marine growth, influence the hydrodynamic forces in -
linear way. The percentage of coverage also affects
hydrodynamic coefficients and hence the forces, especial
percentage smaller than 25912]. Figure 1, illustrates the
evolution of drag coefficient as a function of surface cover
Moreover, increasing of the marine growth density could
to decease in the natural frequencies of the structure. Inc
marine growth density has a strong influence on the torsiol
third force-aft and sidés-side natural frequencies of the
support structure [14].

s——o k=34 mm
—=-= k=24mm
1.44 - k=8%mm
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Figure 1. Evolution of the drag coefficient as a function of surface
coverage [12].

Sarpkaya in 9] demonstrates by experimental trials {
roughness variations cgenerate variations of drag and ine
coeffidents of the Morison equatior8]. The results show that
the drag coefficient is twice as gr for rough cylinders in
comparison to smooth cylinders. It also grows with the rel:
roughness k/D. Figure 2, presents the variations of
hydrodynamic coefficients versus Reynolds number
different relative roughnees,k/D, herek is the average size of
the roughness of the colonization of fouling éD the nominal
diameter of the cylinderanging from 1/800 to 1/5
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Fig. 2. Effect of roughness on the drag coefficient [15].

STOCHASTIC PROCESSES OF MARINE GROWTH
MODELING.

Considering theeffect of biofouling on the hydrodynam
coefficients in Morison equation [},6some researchers ha
proposed a model for the drag coefficient as a linear regre
function of the thickness and roughned&$ However, their
results showed gery high dispersion and they concluded 1
additional examinations were required. There will be alw
uncertainties due to errors in the measurement of phy
parameters of bio-fouling (i.e. théhickness, length ar
percentage cover). Although the mtened study provide
further guidance to advocate the process of-fouling
colonization from the perspective of modeling, |
probabilistic modeling, but thetachastic process of tt
biocolonization is generally unknown. It depends heavily
short-erm phenomena such as severe storms that can
some structures and electbemical effects of cathod
protection [16. Local climate changes can also affect the life
growth of some species. That is why efficienty, and G,
should be consideredoth as hydrodynamic coefficients a
parameters for error modeling [17].

Considering the mechanical behavior of offshore struct
subjected to harsh environmental corditions, the reliat
analysis of structures offers a set of robist tools and me. It
reveals the importance of uncertainty end sensitivity ana
especially in view of characterizing the stochastic structur
the loads which act on the offshore structurl?7, 18]. Firstly,
the innate randomness of waves and tte modeling uncey
of fluid-structure interaction in their relative contribution to
response (i.e. the loads on the structure) should be consit
Particularly, there is a need to account fr the natural orga
clusters such as marimgowth colonization (e.g. kes, mussel
beds, etc.) in contrast to the probabilistic modeling. In fact,
settlement of the structures includes the major uncert
source in terms of diameter increasing and hydrodyn:
coefficient levels. Its corresponding uncertainty inclu
several factors (e.g. seasons, depth, etc) during th-time of
the structures and is greater at the Jesign stage whe
inspection reports are available. As for seel fi-type offshore
structures like Jacket or Jaak- platforms, the hydrodynam
overloading caused by marirggowth is the major factor i
terms of percentage of coverage on each component
consequently on their summation for the external gl

loading assessment. Effects on cylinders with small diam
compared to wave lengths i considered in this study.

Response surfaces of Re and KC in case of marine
growth presence

From Morison equation and the established resp
surface of the kinematic filed, a response surface of
distributed forces can be deduced in the forr

Re= maXmD[o;T/z]( H a( (n )Sm( ) COS(O’) ) %8 (1)
v mo
Koz ma>gD 0T/2 ( H Sln ) CO#O’) ) (2)
DC X ng

Where 0, is a multiplier stochastic process indexec
Time-Space and is dependent on imarine growth thickness
process. It allows taking into account the increment diamet
structural elements and can be deduced from mean thickn
the marine gpwth by the relation beloy

’ :1+2><tr[1)(Z,t)

[
Where,D. is the nominal diameter of ttclean element.
The equivalent diameter of the structural elements ca
given by:

®3)

D=6, (Z,t) xD, (4

The hydraulic coefficientCy, Gy, Cx andCy, are dependent
on the hydraulic parameterR., K¢), the wave height and the
associated pestd and thickness ofmarine growth, the
parameter off, that affects the hydrodynamic coefficiel
through the relationships between the hydraulic parameter
the diameter of the elements. So the hydraulic parameters
horizontal component of thepeed in the presence of marine
growth can be given by:

COS(O’)

maxtm[o;wz]( H a( )S'n( )
14
1)y sin(a)-b{t) , co )
D, xemg

The hydrodynamic coefficientCp, Cx, Gy andC'y, are a
function of hydraulic parameters (neerical interpolation) and
then the coefficient of,g SO these are stochastic fields inde
in Z and t.a, b c andd, are stochastic fields dependentH
andT, are indexed ix andz [4].

Here, onlyKc is needed because the flow regime is -
critical (R. > 1¢%). Note that this bound iquestionable because
it is itself dependent of marii growth roughness. For
simplicity here, this bound is admitted as cori

Re= ) xgmg(5)

Mt [

Kc= )T (6)



DISCUSSION ON UNCERTAINTY AND SENSITIVITY
STUDIES

The response surface employed in this study is built around
the transfer of the energy of the wave kinematics fields due to
Morison equation. It leads to the discussion of uncertainty
modeling in the model of kinematics field of water particles
and the sensitivity of the transfer of its energy to complexity
level. Sensitivity studies usually concern:

l. Complexity of the environmental modeling: wave,
wave + current, and finally wave + current + wind.
Complexity of the kinematics field modeling: order of
Navier-Stokes model and accounting for current or not
and role of modeling of wave-current conditions.
Modeling of hydrodynamic coefficient in the Morison
equation.

Modeling of marine growth: Roughness, Thickness
and percentage of coverage.

Several studies already discussed some items:

(IL)in[17, 19].

() in Schoefs and Boukinda [18] and Schoefs and
Boukinda [20].

Due to the specificity of the Gulf of Guinea, this study
focuses on (IV.) modeling of effect of marine growth with time.

V.

Questions such as sensitivity of percentage of coverage and

wave-current distributions are out of the focus of this paper.
Sensitivity studies are conducted at three levels:

Bio-fouling conditions for which three steps are considered:

smooth tube (installation time or after cleaning), colonized tube

in 10 years and colonized tube in 33 years. The surface relative

roughnessk(D), for three conditions is presented in Figure 3.
This figure corresponds to 0.021 for t=10 and 0.046 for t=33
years. According to the API curve, corresponding &e given

to 0.6 for smooth tubes, 1.088 for tubes colonized during 10
years and 1.101 for tubes colonized during 33 years. Because o
direct exploitation of API curves, for rough cylinders the value
of 1.2 is noted as is recommended.
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(2.5- 33 Years)
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Figure 3. Determination of CDS as a function of surface roughness

and time at t=0, 10 and 33 years [21].

The level of complexity can be generated by two levels of
study to calculate the distributed forces, once the choice of the
order of Stokes wave made:

The ocean-meteorological conditions with the
influence of inclusion of offshore wind sea on the

statistics of hydraulic coefficients, hydrodynamics and
forces.
The probabilistic modeling d@p.

For this last point and to avoid of multiply the case study,
only vertical elements under the wave crest are analyzed, this
implies high horizontal speeds and accelerations that generate
very small forces: the inertia forces are very low.

For these different studies, the hydraulic parameters indicate
whether the flow regime is post-critical and the range of the
transfer function oKc to Cp which are used. A comparison
with the currently used deterministic approach is proposed.

It should be able to offer a sampling of the thickness of the
marine growthth, and thugyg

The parameters of first variabl&(y) can be assumed as a
random variable independent of the sea-state parameters (H and
T) with a symmetrical triangular distribution ofw. It is clear
that there are some uncertainties in the prediction of forces
applied to the marine works that can be taken into account in
the magnitudes of fluid-structure interactions (coefficients of
Drag and Inertia) and on the amount or distribution of marine
biofouling.

Effect of marine growth roughness

Corals are the dominant species in this study. From the
photos of colonization taken by ROV on a platform in the study
region, 30 years after its installation, the roughness was visually
estimated to 60mm as it is presented in Figure 4.

f

Figure 4. Determination of the rougﬁn'esg?ﬁ‘ cor;I.s,fES].
A linear evolution of roughnesg)(has been assumed since
the installation phase of the platform up to 30 years. To stay in
the most possible realistic conditions, we hypothesized that
after 30 years, roughness will be constant as it is presented in
Figure 5. Indeed the roughness cannot increase indefinitely

with time. The conditions of marine growth were studied at t=0,
2.5,5,7.5,10, 15, 20, 25, 30 and 33 years. For a rough element,
the roughness of surface varies between 0.006 and 0.046 which
corresponds to a range of variation@s from 1.05 to 1.102

(see Figure 3).
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Figure 5. Evolution of roughness with time.

The biofoulingcommunity can change its nature and
colonization process can be modified according to
variations of seasonal and temporal conditions of the clin
environment. Therefore it is not possible to vel
systematically the changes in the coloniza process. Physical
measurements thus lead to an approcimate estimate
thickness and coverage percentage of marinfouling. On
the other hand, measurements of several platforms fron
same site but with different ages can wrep those uncerts.

The uncertainty in the wave regime is involved in
consideration of the hydraulic parameters, numbers
Reynolds Ry and Keulegan-Carpentekd) and characterizin
the wave regime. Sources of uncertainty in predicting ma:
forces are found at: ediction of the extreme wave and
characteristics (height, wave period and surface profile),
kinematics of water particles near the structure. TI
uncertainties are reflected in the coefficdent of forcCpy and
Cy) introduced in Morison equation.

Some factors such asrientation of the cylinder, th
cylinder condition, the colonization pattern and the w
regime have a significant influence on the hydrodyna
coefficients used in the Morison equation. Laborai
measurements cannot transcribe all this complexity
uncertainties of models must be consdered. Therefore
recommended to use a range of experiments performec
then to assign a confidence score to eech autl9]. Schoefs
[17], on the site of the NortBea, showed that the dr
coefficient has 60%nfluence of effort variance in a noi
located on the surface. This variable was supposed t
independent hydrodynamic conditions, as suggested ir
report of ECOR [2R The study showed that for an avere
drag coefficient of 1, the coefficierf variation of nodal
efforts ranged from 17% to 36%, when the coefficieof
variation of Cp ranges from 5 to 30. That was particula
marked between 15% to 30% 6OV of Cp (usual values), the
COV of efforts ranged from 22% to 36%.

When the flow regime is not postitical (the digitizec
curve of API regulation cannot be exploited) it should
referred to the bibliography where the results may di
significantly from one author to another. If a regulation suc
API should simplify differences, it is iportant to analyze tr
impact if a reliability calculation, incorporating uncertainties
conducted. To exploit the studies of Theophanail?], the
relationship betweeK: andC; is obtained using the empiric
curves derived from a large databasegfegimental works @
this author on various wave regimes and tubes with diffe

diameters (200mm, 314mm, 400mm). It does not go throt
standardized approach via the ratCp/Cps. The advantage is
the possibility of working with the results of sev¢ authors
[23].

MODELING OF MARINE GROWTH ROUGHNESS
The roughnes®f marine growth is random and the drag
coefficient should be determined from the curves of API
2A-WSD. In this paper tiree approaches, respectively mi
R1, R2 and R3 areonsiderec
= R1 model, consists of using engineering va
Cps=1.05, to normalize the APl curve
Co/Cos=f(Kc or Kd/Cps). This approach is
called API by default. It does not take ir
account the roughness of mai growth.
= R2 model is exploiting curves API directly
for the cases whicltCps=f(k/D)=cste. For a
smooth or rough element, the value (s is
given respectively by 0.6 or 1.2. In ti
approach, k is considered as time indepen
= R3: For R3 model, a set of ughness of "k"
presented in Figure5, is assumed andp©
corresponds aCp=f(k(t)/D) (Figure 3). This
approach allows measuring the influence
roughness on the drag coefficient and thus
drag force and their changes with the time.
here time depende
Figure6 presents the diaams of drag coefficients (L as a
multilinear function of Keulege-Carpenter numbers ¢

obtained from three above explained approat
25F

Dirag cogfficient (C0)

0 : 0 = 0 %
Keulegan-Carpenter number (Kc)

— — Smooth cylinder - CDS=06 - t=235years- CDS= 1,08

Engineering approach - CDS = [,05 — — t=Syears - CD5 =109

Rough Cylinder - CDS = 1,2 t=10years-CD5=112

Figure 6. Diagrams of CD in function of KC obtained from R1, R2

and R3 approaches.

RESULTS

This study isconducted @ Biofouling conditions where
three steps are studied: smooth tube (installation or
cleaning), colonized tube after 10 years and colonized
after 33 yearsMorison drag forces at around 10 meters di
are computed by using softwareveloped in the lab and based
on the Response Surface modeling of the kinematics
Monte Carlo simulations allow us to perform a statist
analysis.

The results, presented in Figure 7, demonstrate that be
0 and 10 years, the coefficient of vation of the drag force
changes slightly for the three considered approaches, it




from 0.96 to 0.83. At 33 years, there is i sensitivity in the |
of k dependent of t (CDS=f(k(t))Dthe coefficient of variatiol
is less important.

—— Engineering Value: CD==1.03 —o— k Independent of t: CDs=f(k'De)=cste=12

—r— k Dependent of t: CD==f{k(t}De)

1.00
095 B
£ 090
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[+] 5 10 15 20 25 a0 33
Age of Platform (Year)

Figure 7. Evolution of cov FT at 0, 10 and 33 years.

Figure 8, presents the influence of roughness o extreme
values of drag forcehere 90% percentil for the three
considered approaches, R1, R2 and R3. The results obr
from the case k independent ofGOS=f(k/C)=cste) (R3), are
more conservative than the others for structural analysis.
approach leads to an important increase of drag fc

From O to 10 years for both approaches R1 and R3, w
use engineering value ofp€and k dependent on iobtained
results are almost similar. After 10 years, there is a differ
in the results between the two mentioned approaches. |
engineering value R1, the results are less conservative fc
structural design. However, this approach is less rec
because the effect of roughness in the measuring
hydrodynamic forces is not considered.

—o— Engineering Value: CDs=1.03 —o— k Independent of t- CDs=f(kDe)=cste=12

—zr— k Dependent of t: CDs=f(k(t)De)
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Fig. 8. Evolution of FT90% versustime and roughness.

CONCLUSIONS

The marine growth affects the loading of offsh
structures due to several factors: overwz, screen effect and
modification of hydrodynamic coefficients. This paper focus
on this last point and highlights the mportant role of
roughness. The paper being devoted to marine growth i
Gulf of Guinea; it suggesta modeling of the roughne of
corals with time and quantifiethe effect of the probabilit
distribution of forces. It is shown that fcr these sitehe API
principles are no longer fulfilledlhe study shos that due to
non linear transfers and very fair valuesfor KC, the loadir
very sensitive to the modeling of the roighness. A convel
time variant modeling of the roughness can lead to a t

representation of around 5% of the extreme values 20

years. Authorsuggest to investigate properly this key ste|
the modelingAn alternative study based on the experime
data of artificial macraeughnesswill now be carried out to
determine more suitableydrodynamic coefficients for sites t

Gulf of Guinea.
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